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ABSTRACT 

This  document  is  intended  to  help  teachers  prepare 
students  to  perform  the  duties  of  any  member  of  a  surveying  party, 
including  those  of  party  chief,  in  the  field  and  in  the  office.  It 
contains  instructional  units  on  introduction  to  surveying,  safety, 
horizontal  measurements,  vertical  measurements,  angles  and 
directions,  angular  measurements,  traversing  and  related 
calculations,  topographical  surveying,  construction  surveying,  legal 
aspects,  boundary  surveying,  control  surveys,  and  electro-optical 
instruments  and  computer  integration.  The  first  section  is  'Sesagned 
to  teach  teachers  how  to  use  the  materials  and  includes  an 
explanation  of  instructional  elements  and  an  instructional-task 
analysis  for  each  unit.  The  instructional  elements  for  the  unats 
include  objectives,  suggested  activities,  information  sheets, 
transparency  masters,  assignment  sheets,  job  sheets,  tests,  test 
answers,  references,  and  lirts  of  supplemental  materials.  Some 
elements,  such  as  the  mforniation  sheets,  include  photographs, 
diagrams,  and  line  drawings,  (CKL) 
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FOREWORD 


Thi^  fnatunai  prosenlcd  in  Busfc  Survvying  Tvchnology  forms  a  compe^ency  basod  curriculum 
suHabii^  tor  most  vocational  surveying  programs.  This  publication  prepares  the  student  to  per- 
form the  dutif^s  ot  any  mombor  of  a  surveying  party,  including  party  chief,  both  in  the  field  and 
» the  offic  e  The  publicntion  also  servos  as  a  foundation  for  future  studies  in  advanced  sur- 
veyifu}       other  related  fields  such  as  civil  drafting. 

Hcjyjc  Surveying  Technology  is  designed  to  assist  teachers  in  improving  instruction.  As  this 
(uibiiratJun  is  used,  it  is  hoped  that  the  student  performance  m\\  improve  so  the  students  wilt 
bv.  Ijotter  able  to  assume  a  role  in  a  surveying  occupation.  Every  effort  has  been  made  to  make 
this  publication  readable  and  by  all  means  usable.  Every  instructor  using  the  publication  for 
the  firs}  time  should  study  the  ^*Use  of  this  Publication"  section  of  this  book  prior  to  teaching. 
Three  vita!  parts  of  instruction  have  been  intentionally  omitted  (motivation^  personalization, 
and  leadership}.  These  areas  are  left  to  the  individual  instructors  who  should  capitalize  on 
tfiem.  Oniy  then  will  the  publication  become  a  vital  part  of  the  teaching  learning  process. 

Greg  Pierce  Bob  Patton 

Executive  Director  Chairman.  Board  of  Directors 

Mid  . America  Vocational  Mid-America  Vocational 

C'jniculum  Consortium  Curriculum  Consortium 
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USE  OF  THIS  PUBLICATION 


instnictionai  Units 

Basic  Surveying  Technology  contains  thirteen  unils.  Each  instructional  unit  includes  some 
or  all  of  the  basic  components  of  a  unit  of  instruction;  performance  objectives,  suggested 
activities  for  teachers  and  students,  information  sheets,  assignment  sheets,  job  sheets,  visual 
aids,  tests,  and  answers  to  the  tests.  Units  are  planned  for  more  than  one  lesson  or  class  per- 
iod of  instruction. 

Careful  study  of  each  instructional  unit  by  the  teacher  will  help  to  detormine: 

A.  The  amount  of  material  that  can  be  covered  in  each  class  period 

B.  The  skills         must  l>e  demonstrated 

1.  Supplies  needed 

2.  Equipment  needed 

3.  Amount  of  practice  needed 

4.  Amount  of  class  time  needed  for  deriionstrations 

C.  Supplementary  materials  such  as  pamphlets  or  filmstrips  that  must  be  ordered 

D.  Resource  people  who  must  be  contacted 

Objectives 

Each  unit  of  instruction  is  based  on  performance  objectives.  These  objectives  state  the 
goals  of  the  course,  thus  providing  a  sense  of  direction  and  accomplishment  for  the  student. 

Performance  objectives  are  stated  in  two  forms:  unit  objectives,  stating  the  subject  matter 
to  be  covered  in  a  unit  of  instruction;  and  sp^  cific  objectives,  stating  the  student  performance 
necessary  to  rea':h  the  unit  objective. 

Since  the  objectives  of  the  unit  provide  direction  for  the  teaching-learning  process,  it  is 
important  for  the  teacher  and  students  to  have  a  common  understanding  of  the  intent  of  the 
ot^jectives.  A  limited  number  of  performance  terms  have  been  used  in  the  objectives  for  this 
curriculum  to  assist  in  promoting  the  oflcctivencss  of  the  communication  among  all  individ^ 
uals  usit»g  the  materials. 

Reading  of  the  objectives  by  the  student  should  be  followed  by  a  class  discussion  to 
answer  any  questions  concerning  performance  requirements  for  each  instructional  unit. 

Teachers  should  feel  free  to  add  objectives  which  will  fit  the  material  to  the  needs  of  the  stu-^ 
dents  and  community.  When  teachers  add  objectives,  they  should  remember  to  suppiy  the 
needed  information,  assignment  and/or  job  sheets,  and  criterion  tests. 


ix 


Suggested  Activities  for  the  Instructor 


Each  unit  of  instruction  has  a  Mjggftt.ltHl  activities  sheet  outlining  steps  to  foiiow  in  accom- 
plishing specific  objectives.  Duties  of  instructors  will  vary  according  to  the  particular  unit; 
however,  for  best  use  of  the  materia!  they  should  include  the  following:  provide  students  with 
objective  sheet,  information  sheet,  assignment  sheets,  and  job  sheets;  preview  filmstrips. 
make  transparencies,  and  arrange  for  resource  materials  and  people;  discuss  umt  and  spe- 
cific objectives  and  information  sheet;  give  test.  Teacfiers  are  encouraged  to  use  uny  addi- 
tional instructional  activities  and  teaching  methods  to  aid  students  in  accomplishing  the 
objectives. 

information  Sheets 

Information  sheets  provide  content  essential  for  meeting  the  cognitive  (knowledge)  objec- 
tives in  the  unit.  Ihe  teacher  will  find  that  the  information  sheets  serve  as  an  excellent  guide 
for  presenting  the  background  knowledge  necessary  to  develop  the  skill  s^>ecif ied  in  the  unit 
oojective. 

Students  should  read  the  information  sheets  before  the  information  is  disc»isscd  in  class. 
Students  may  take  additional  notes  on  the  information  sheets. 

Transparency  Masters 

Transparency  masters  provide  information  in  a  special  way.  The  students  may  see  as  well 
as  hear  the  material  being  presented,  thus  reinforcing  the  tearfiing  process.  Transparencies 
may  present  new  information  or  they  may  reinforce  information  pre.  ^nied  in  the  information 
sheets.  They  are  particularly  effective  when  identification  is  necessary. 

Transparencies  should  be  made  and  placed  in  the  notebook  where  the;  will  be  immediately 
available  for  use.  Transparencies  direct  the  class's  attention  to  the  topic  of  discussion.  They 
should  be  left  on  the  screen  only  when  topics  shown  are  under  discussion. 

Assignment  Sheets 

Assignment  sheets  give  direction  to  study  and  furnish  practice  for  paper  and  pencil  activi- 
ties to  develop  the  knowledge  which  is  a  necessary  prerequisite  to  skill  development.  These 
may  be  given  to  the  student  for  completion  in  class  or  used  for  homework  assignments. 
Answer  sheets  are  provided  which  may  be  used  by  the  student  and/or  teacher  for  checking 
student  progress. 

Job  Sheets 

Job  sheets  are  an  important  segment  of  each  unit.  The  instructor  should  be  able  to  demon- 
strate the  skills  outlined  in  the  job  sheets.  Procedures  outlined  in  the  job  sheets  give  direction 
to  the  skill  being  taught  and  allow  both  student  and  teacher  to  cfieck  student  progress  toward 
'.lie  accomplishment  of  the  skill.  Job  sheets  provide  a  ready  outline  for  students  to  follow  if 
they  have  missed  a  demonstration.  Job  sheets  also  furnish  potential  employers  with  a  picture 
of  the  skills  being  taught  and  the  performances  which  might  reasonably  be  expected  from  a 
person  who  has  had  this  training 


Test  and  Evaluation 


Papof-pencii  and  poftorniancu  tosth  fuwo  bvvu  conslfucled  to  nioasure  studrn!  achieve- 
ment o!  each  objective  listed  in  tht?  unit  of  instruction,  Individuai  test  iton^s  muy  bo  pullod  out 
and  used  as  a  short  test  to  rietcrmine  studont  achievement  of  a  particulai  objective?.  This  Kind 
of  testing  may  tm  used  as  a  daily  qui?  and  will  holp  the  teacht^r  spot  d!fficultif?s  being  encoun^ 
tored  by  students  in  their  efforts  to  accomplish  the  unit  objective.  Test  Woms  for  objectives 
added  by  the  tiuicher  should  be  cor^structecJ  and  added  to  the  test. 

Test  Answers 

Test  answers  ar^?  provided  for  each  unit.  Tfiese  may  be  used  t^y  the  teacher  and/or  student 
for  checking  student  achievement  of  the  objectives 
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RELATED  INFORMATION:  What 
the  Worker  Should  Know 
^Cognitive) 


JOB  TRAINING:  What  the 
Worker  Should  Be  Abl^  to  Do 
^Psychomotor) 


UNIT  I:  INTRODUCTION  TO  SURVEYING 


1.  Terms  and  -^ofinitit  iS 

2.  Definition  of  surveying 

3.  Two  classifications  of  surveying 

4.  Types  cf  surveys 

5.  Types  of  equipm^^nt  und  their  uses  in 
the  sun/eying  profession 

6.  Recent  technical  advancenri^nts  in  sur- 
veying  instrumentation  and  equipment 

7.  Responsibilities  of  each  sun^ey  crew 
*nember 

6,     Types  of  surveyors  and  their  duties 

9.     Personal  characteristics  of  a  good  sur- 
veyor 

10.  Aavantages  and  disadvantages  of 
being  a  surveying  technician 

11.  Ennployment  opportunities  available  in 
the  surveying  profession 


12.  Research  employment  oppcrlunities 

13.  Interview  a  surveying  technician 

14.  Take  a  math  pre  test 


UNIT  II:  SAFETY 


1     Terms  and  definitions 

2.     Rules  for  general  job  safety 

a     Personal  safety  rules  involved  ii  the 
surveyirg  field 
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RELATED  INFORMATION:  What 
the  Worker  Should  Know 
^Cognitive) 


JOB  TRAINING:  Whnt  tha 
Worker  Should  Be  Able  to  Do 
(Psychomotor) 


4.     Proper  clothing  for  both  warm  and  cold 
weather  surveying 

6     Safety  precautions  to  take  while  work- 
ing in  the  field 

6,  Types  of  channeling  devices  used  for 
traffic  control 

7,  Techniques  of  proper  placement  of  traf- 
fic  control  devices 

8.  Responsibilities  of  a  flagger 

9.  Safety  rules  for  tiaggers  on  a  survey 
crew 

10,  Types  of  communication  used  by  a  .^ur^ 
vey  crew 

n.  Common  hand  signals  used  while  sur- 
veying 

12.  Commonly  found  species  of  poison- 
ous plants  that  can  be  encountered 
while  surveying 

13.  Characteristic  reactions  to  common 
poisonous  plants 

14.  Basic  first-aid  procedures  for  care  of 
poisonous  plant  reactions 

15.  Poisonous  insects  and  spiders  found 
while  surveying 

16.  Basic  first-aid  procedures  for  poison- 
ous insect  bites 

17.  Commonly  found  poisonous  snakes 
and  the  effects  of  each 

18.  Standard  first  aid  procedures  for  snake 
bites 

19.  First  aid  procedures  for  injuries 


20.     Compile  a  survey  of  winter  clothing 

needs 


2T     Construct  a  diagram  of  appropriate 
traffic  control  for  a  two-lane  roadway 


ERIC 
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RELATED  INFORMAHON:  What 
the  Worker  Should  Know 
^Cognitive) 


JOB  TRAINING.  What  the 
Worker  Shotrld  Be  Able  to  Do 
(Psychomotor) 

22,     Dioiinguish  between  correct  and  Incor- 
rect procedures  for  flaggers 

23-     Control  traffic  with  a  flag 

24.     Place  emergency  parking  devices 


UNIT  III:  HORIZONTAL  MEASUREMENTS 

1.  Terms  and  definitions 

2.  Equivalencies  for  various  surveying 
measurements 

3.  Types  of  equipment  used  In  the  past  to 
make  horizontal  measurements 

4.  Horizontal  measurements  and  their 
uses 

6,  Methods  of  measuring  distances 

6.  Types  of  tapes  or  chains 

7.  Types  of  tape  readouts 

8.  Taping  accessories  and  their  uses 

9.  Care  and  storage  of  taping  equipment 

10.  Purpose  of  taping 

11.  Steps  used  in  taping  on  level  ground 

12.  Procedure  for  taping  on  uneven  or 
sloping  ground 

13.  Accuracy  and  precision 

14.  Accuracy  ratio 

15.  Common  types  of  errors 

16.  Taping  corrections  and  their  formulas 

17.  Recent  advancements  in  horizontal 
measuring 

18.  Responsibilities  of  each  survey  crew 
member  when  making  horizontal  mea- 
surements 


JOB  TRAINING:  What  the 
Worker  Should  Be  Able  to  Do 
(Psychomotor) 

19.  Compute  horizontal  conversions 

20.  Calculate  taping  corrections  for  slope 
errors 

21.  Calculate  taping  corrections  for  erro- 
neous tape  lengths 

22.  Calculate  taping  corrections  for  tem- 
perature 

23     Calculate  taping  corrections  for  all 
types  of  taping  errors 

24.     Determine  average  length  of  pace 

25-     Measure  and  lay  out  horizontal  dis- 
tances with  a  steel  tape 

UNIT  IV:  VERTICAL  MEASUREMENTS 

1  Terms  and  definitions 

2.  Uses  of  leveling  results 

3.  Theory  of  leveling  procedures 

4.  Curvature  and  refraction 

5.  Major  parts  of  a  love) 

6.  Adjusting  parts  of  a  iove! 

7.  Types  of  leveling  equipment  and  their 
characteristics  and  uses 

8.  Types  of  level  rods 

9.  Procedure  for  setting  up  a  leveling 
instrument 

10.  Steps  used  to  establish  an  e.,  ;ation  o! 
an  unknown  point 

11.  Standard  rules  f^r  note  keeping 

12.  Applications  of  level  work 

13.  Duties  of  survey  crew  members 
Common  errors  that  occur  m  lovotinq 
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RELATED  INFORMATION:  What 
the  Worker  Should  Know 
(Coflniiive) 


REl-ATED  INFORMATION:  What  JOB  TRAINING:  Whal  tho 

the  Worker  Should  Know  Worker  Shouki  Be  Abie  to  Do 

(Cognitive)  {Psychomotor) 


Common  mistakes  that  occur  while 
leveling 

Process  of  makin<5  minor  fieki  acijust^ 
monts  (peg  test) 

17,  Read  various  types  of  i.?ve!  rods 

18.  Enter  field  data  in  standard  field  book 
form 

19.  Make  minor  field  adjustments  to  a  lev-^ 
eling  instrument  (peg  test) 

20,  Perform  a  completed  level  circuit  using 
the  differential  leveling  process 


UNIT  V:  ANGLES  AND  DIRECTIONS 

Terms  and  definitions 

Systems  of  angular  measurement 

Types  of  reference  meridians 

Types  of  vertical  angles  used  in  survey- 
ing 

Types  of  horizontal  angles 

Common  methods  of  giving  direction 
to  a  line 

Convertmg  bearings  to  £i7im,ulhs  and 
a/imuths  to  bearings 

Convertmg  back  directions  from  either 
bearings  or  azimuths 

9.     Convert  t)earingf;  and  <iz»muths  to  their 
opposite  forms 

10  Calculate  bearings  and  azimuths  from 
interior  angles 

11  Calculate  bearings  and  azimutt^s  from 
deflection  angles 

12.     Convert  bearings  and  azimuths  into 
interior  angles 
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RELATED  INFORMATION:  What  JOB  TRAINING:  What  the 

the  Worker  Should  Know  Worker  Shou!d  Be  Able  to  Do 

(Cognitive)  (Psychomotor) 

UNIT  VI:  ANGULAR  MEASUREMENTS 

1.  Terms  and  definitions 

2.  Uses  of  transits  and  theodolites 

3.  Major  parts  of  a  transit 

4.  Characteristics  of  transits  and  theodo- 
lites 

5.  Major  types  of  verniers 

6.  Reading  different  styles  of  verniers 

7.  Typical  mistakes  made  in  reading  ver- 
niers 

8.  Major  types  of  theodolites 

9.  Field  procedure  used  to  determine  if 
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12.  Measure  and  read  angles  in  the  field 
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JOB  TRAINING;  What  the 
Worker  Should  Be  Able  to  Do 
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9.     Compute  traverse  closure  and  adjust- 
ment by  the  compass  njle 

10.     Compute  traverse  closure  and  adjust- 
ment by  the  transit  rule 

11      Calculate  area  of  a  closed  traverse  by 
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INTRODUCTION  TO  BASIC  SURVEYING 

UNIT  I 


m\'f  OBJECTIVE 


After  completion  of  this  unU,  the  student  should  be  able  to  list  the  possible  employment 
opportunities  available,  match  the  various  types  of  surveys  with  their  descriptions,  and  Iden- 
tify the  different  members  of  a  survey  crew  and  their  duties  and  responsibilities.  Competen- 
cies will  be  demonstrated  by  correctly  performing  the  procedures  outlined  in  the  assignment 
sheets  and  by  scoring  ^  percent  on  the  unit  test. 

SPECIFIC  OBJECTIVES 


After  completion  of  this  unit,  the  student  should  be  able  to: 

1.  Match  terms  related  to  basic  surveying  with  the  correct  definitions. 

2.  Define  the  term  "surveying." 

3.  Distinguish  between  the  two  classifications  of  surveying. 

4.  Match  the  different  types  of  surveys  with  their  appropriate  descriptions. 

5.  Match  types  of  equipment  with  their  correct  uses  In  the  surveying  profession. 

6.  Distinguish  between  recent  technical  advancements  in  surveying  instrumentation 
and  equipment. 

7.  Distinguish  t^tween  the  responsibilities  of  each  survey  crew  meml>er. 

8.  Match  the  various  types  of  sun^eyors  with  their  correct  duties. 

9.  List  personal  characteristics  of  a  gtxxi  surveyor. 

10.     Distinguish  between  advantages  and  disadvantages  of  being  a  surveying  techni- 
cian. 


OBJECTIVE  SHEET 


Ust  employment  opportunities  available  in  the  surveying  profession. 
Research  employment  opportunities.  (Assignment  Sheet  #1) 
Inten^lew  a  surveying  *ochniclan.  (Assignment  Sheet  #2) 
Take  a  math  pre-test.  (Assignment  Sheet  #3) 


INTRODUCTION  TO  BASIC  SURVEYING 

UNIT  I 


SUGGESTED  ACTIVITIES 


Obtain  additional  materials  and/or  invite  resource  people  to  class  1o  supplement/rein- 
force information  provided  in  this  unit  of  instruction. 

(NOTE:  This  activity  should  be  completed  prior  to  the  teaching  of  this  unit.) 

Make  transparencies  from  the  transpaicncy  masters  included  with  this  unit. 

Provide  students  with  objective  sheet. 

Discuss  unit  and  specific  objectives. 

Provide  students  with  information  and  assignment  sheets. 

Discuss  information  and  assignment  sheets. 

(NOTE;  Use  the  transparencies  to  enhance  the  information  as  needed.) 
Integrate  the  following  activities  throughout  the  teaching  of  this  unit: 

1.  Upon  completion  of  Assignment  Sheet  #1.  the  students  should  compile  a  list  of 
local  job  contacts,  possible  future  openings,  etc.  to  be  referred  to  when  seeking 
full-time  employment. 

2.  Prior  to  Assignment  Sheet  #2.  the  instructor  may  want  to  assign  groups  of  2-3  stu- 
dents to  inten^iew  a  sun^eying  technician  depending  on  the' number  of  firms  in 
your  local  area. 

3.  Show  actual  examples  of  equipment  used  in  surveying  while  discussing  types  of 
equipment  included  in  the  information  sheet. 

4.  Invite  a  surveying  technician,  possibly  a  past  graduate,  to  speak  to  the  class  about 
their  job  and  educational  requirements. 

5.  Invite  a  professional  sun^eyor  to  speak  to  the  class  about  employer  requirements, 
job  duties  and  skills  of  a  surveying  technician,  and  the  importance  of  altitude  on 
the  job. 

6.  Upon  each  student's  completion  of  the  math  pre-test.  evaluate  the  results  to  itien- 
tify  any  areas  that  need  further  development  and  provide  additional  work  sheets 
that  the  student  may  complete, 

7.  Meet  individually  with  students  to  evaluate  their  progress  through  this  unit  of 
instruction,  and  indicate  to  tfiem  possible  areas  for  irnproverrienl. 

Give  test. 
Evaluate  lest. 
Reteach  if  necessary. 
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INSTRUCTIONAL  MATERIALS  INCLUDED  IN  THIS  UNIT 


A.  Objectivt^  shont 

B.  Information  shoi^l 

C.  Transparency  mastc^rs 

1.  TM  1  —  TypCfS  of  Surveys 

2.  TM  2  -  Surveying  tquipmenl 

3.  TM  3  ~  Sun  eying  Equipment  {Gunlinueti) 

D.  Assignment  sheets 

1.  Assignment  Sheet  #1  —  Research  Employment  Opportunities 

2.  Assignment  Sheet  #2      Intervtcw  a  Surveyinp  Techtncian 

3.  Assignment  Sheet  #3  -  ^^ike  a  Maih  Pre-Test 

E.  Answers  to  assignment  shtHJts 

F.  Test 

G.  Answers  to  test 

REFERENCES  USED  IN  WAITING  THIS  UNIT 

A.  Kavanagh.  Barry  F.,  and  S.J.  Glenn  Bird.  Surveying:  Principles  and  Applications.  Reston. 
Virginia:  Reston  Puhlishinq  Co..  Inc  .  1^84. 

B.  Breed  and  Hosmer.  fJementary  Sun/eying,  Volume  I.  New  York;  John  Wiley  and  Sons, 
Inc..  1977, 

SUGGESTED  SUPPLEMENTAL  MATERIALS 

A.  Brinker,  R.  C.  and  P  R,  Wolf.  Biementary  Surveying,  7th  ed.  New  York:  Harper  and  Row, 
1984. 

B.  Kissam,  Phillip.  Surveying  for  Civil  Engineers.  New  fork:  McGraw-Hill.  "i976. 

C.  Herubin.  Charles  A.  Prmcipier,  of  Surveying,  3rd  et',  Reston  Publishinn  Company, 
Reston.  VA.  1982. 

D.  Introduction  to  Sufvcying,  film  .strif) 
Prentice  Hall  Mcjia 

150  White  Plairis  F^oad 
Tarrytown.  NV  10592 
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INTRODUCTION  TO  BASIC  SURVEYING 

UNIT  i 


INFORMATION  SHEET 


Terms  and  definitions 

A.  Accuracy  —  Denotes  the  absolute  "nearness"  of  the  measured  value  to  the 
true  value 

B.  Boundary  line  —  A  line  along  which  tvw  areas  meet 

(NOTE:  A  line  toetvi/een  private  parcels  is  usually  termed  a  properfy  iine.) 

C.  Contoi  —  An  imaginary  line  along  the  ground  where  ail  points  are  of  the 
samo  i?levation  atx)ve  or  belov^  a  specified  datum  surface 

D.  Evidence  ~  Testimony,  physical  objects,  marks,  traces  of  former  objects,  or 
any  relationship  of  these  items  that  may  furnish  proof  or  partial  proof  of  a 
lost  corner  or  boundary  line 

Photogrammetry  —  The  method  of  obtaining  reliable  measurements  by 
means  of  photographs 

F.  Precision  —  The  degree  of  refinement  used  in  measuring  a  value,  either  by 
the  number  of  times  it  is  measured  or  by  the  degree  of  graduations  It  was 

measured  in 

Example:   A  value  measured  in  feet  Is  not  as  precise  as  the  same  value 
measured  in  hundredths  of  a  foot. 

G.  Property  -  Used  commonly  to  denote  everything  which  is  the  subject  of 

ownership 

H.  Property  line  —  A  line  indicating  ownership  tx)undaries  by  land  descrtp- 
Mons.  surveyor  s  drawing,  or  physical  markings  such  as  fences,  stone  mon- 
uments, or  iron  pins 

I.  Terrain  —  The  physical  features  of  a  tract  of  land 

J.      Theodolite  —  A  precision  instrument  used  for  measuring  horizontal  and 

vertical  angles 

tNOTE:  The  graduated  circles  are  normally  more  precisely  graduated  than 
that  of  a  transit.) 

K.  Title  line  —  A  line  indicating  ownership  as  described  by  the  legal  descrip- 
tion or  the  platted  drawing 

L  Topography  —  The  configuration  of  a  surface,  including  its  relief  and  the 
position  of  its  existing  and  man-made  features 

M,  Transit  -  -  A  repeating  surveying  instrument  for  measuring  horizontal  and 
vertfcal  angles 
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INFORMATION  SHEET 


IK     DefinHion  of  sun^ying 

A.  The  art  and  science  of  making  measurernenls  to  determine  the  relative 
position  of  known  points 

B.  The  prcKiess  used  to  lay  out  or  establish  new  points  by  making  calculatori 
field  nncasurements 

CiassHications  of  surveying 

A.  Plane  sun/eying  —  Any  type  of  surveying  in  which  the  surface  of  the  earth 
is  considered  a  flat  (plane)  surface 

(NOTE:  Plane  surveying  is  normally  confined  to  small  or  limited  areas  of 
land  such  as  construction  p/ojects  and  property  surveys.) 

B.  Geodetic  surveying  ~  Any  type  of  surveying  in  which  the  surface  of  the 
earth  is  considered  spherical 

(NOTE:  Geodetic  surveying  includes  very  precise  surveying  involving  large 
areas  of  land  such  as  national  or  state  boundaries  and  control  survey  not^ 
works.) 

IV.     Types  of  suivays  (Transparency  1) 

A.  Cadastral  sun/eys  —  Consist  of  the  establishment  of  land  corners  and 
boundaries,  and  the  areas  of  a  given  land  parcel 

B.  Topographic  surveys  —  Consist  of  the  location  of  all  ground  contours  and 
existing  features  that  are  found  within  the  survey  limits 

C.  Route  surveys  —  Consist  of  the  preliminary  layout  and  control  work 
required  to  sun/ey  a  narrow  but  long  strip  of  land 

D.  Construction  sun^eys  —  Consist  of  the  layout  work  required  on  sites  where 
construction  of  an  engineering  nature  is  to  be  undertaken 

E  Aerial  surveys  —  Consist  of  the  preliminary  surveys  utilizing  photographs 
taken  from  an  airplane;  these  photos  are  scaled  and  sometimes  are  viewed 
in  three-dimensional  format 

F.  Underground  surveys  —  Consist  of  work  done  to  locate  points  ur  objects 
that  are  below  the  earth's  surface,  as  in  mines,  tunnels,  and  aqueducts 

G.  Hydrographic  surveys  -  Consist  of  those  made  to  determine  the  actual 
shape  of  the  bottom  of  lakes,  rivers,  harbors,  and  oceans;  also  include  the 
location  of  shorelines,  measurement  of  flow,  and  estimation  of  resources 
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Types  of  equipment  used  In  surveying  (Transparencies  2  and  3) 

A.  Transit  or  engineer's  theodolite  —  Used  to  establish  straight  lines  and  to 
measure  horizontal  and  vertical  angles 

B.  Levels  and  level  rods  —  Used  to  measure  vertical  differences  in  elevation 

C.  Tapes  or  chains  ~  Used  to  measure  horizontal  and  slope  distances 

D.  Miscellaneous  equipment 

1.  Chaining  pins  —  Used  to  mark  chain  lengths  when  measuring  dis- 
tances 

(NOTE:  These  are  also  referred  to  as  tally  pins  or  taping  arrows.) 

2.  Range  pole  —  Used  to  establish  a  line  of  sight  toward  a  point 

3.  Plumb  bob  —  Used  to  extend  a  true  vertical  line  up  from  a  point 
Technical  advances  ;n  sun/eying 

(NOTE:  All  of  the  equipment  discussed  in  this  section  is  very  expensive  due  to  the 
electronics  involved.  Therefore,  they  should  be  handled  with  great  cane  and  under 
direct  supervision  until  full  operation  skills  have  been  developed.  These  technical 
advances  have  been  incorporated  into  the  surveying  profession  within  the  last  ten 
years  and  are  constantly  being  improved  to  perform  with  higher  accuracy  and 
user  ease.) 

A.  Digital  (readout)  theodolite 

1  Electronic  display  screen  that  displays  horizontal  and  vertical  angles 
to  a  specified  accuracy 

2.  Replaces  the  older  "open-face"  vernier  found  on  the  transit  and  the 
micrometer  scale  used  on  most  theodolites 

B.  Electronic  distance  measuring  device 

1,  I  !ectronic  device  that  measures  the  number  of  wave  lengths  (either 
n»icrowave  or  light  wave)  and  calculates  an  actual  distance  (feet  or 
meters)  from  the  instrument  to  the  point  sighted 

2.  Replaces  the  many  methods  of  measuring  distances,  either  horizon- 
tal, slope,  or  vertical,  but  these  standard  methods  will  always  be 
used  in  surveying 


INFORMATION  SHEET 


C.  Electronic  data  collector 

1.  Electronic  device  (usually  hand-held)  that  has  the  capacit-  to  store 
field  data,  distances,  angles,  etc.  either  by  hand  entry  (pusn  button) 
or  by  autom;  tic  entry  (instrument  to  data  collector  which  connpleteiy 
bypasses  the  operator) 

2.  Enhances  the  surve^^r's  field  book,  notations,  and  sketches  that  nor- 
mally would  be  kept  when  suni-eying 

D.  Sun/eying  computers  and  plotting  devices 

1 .  Various  types  that  can  reduce  notes,  adjust  surveys,  calculate  areas, 
assign  coordinates,  and  actually  draw  the  '  '"veyed  area  simply  by 
entering  field  data 

2.  When  fully  incorporated  into  a  business,  it  v....i  possibly  replace  the 
present  duties  of  civil  drafters,  and  change  their  roles 

E      Global  positioning  system  (GPS) 

1.  Uses  satellites  orbiting  the  earth  to  measure  the  location  of  points 
remote  from  each  other 

2.  Anticipated  to  t3e  in  total  operation  by  1987 

3.  Expected  to  yield  accuracies  up  to  2-3  centimeters 

4.  Will  utilize  a  minimum  of  18  satellites  in  20,0(X)-km  altitude  orbits 
Responsibilities  and  required  skills  of  sunrey  crew 

A.  Party  chief  or  recorder 

1.  Responsible  for  total  operation  of  the  crew  including  the  accuracy  of 
the  work  completed 

2.  Must  have  good  organizational  skills 

3.  Should  show  leadership  qualities 

4.  Should  have  good  educational  background  and  field  experience  in 
surveying 

B.  Instrument  person  or  observer 

1.  Responsible  for  the  care  and  operation  of  the  surveying  instruments 
Z     IVJust  exhibit  good  surveying  skills 

3.  Should  have  confidence  in  the  total  operation  of  all  surveying  Instru- 
ments 

4.  Should  have  good  educational  background  ir  surveying  with  prefera- 
bly 1  year  field  experience 
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C.      Chain  person  or  rod  person 

1 .  Assists  in  taking  all  actual  surveying  measurements  in  the  field,  and 
is  responsible  for  the  care  and  cleaning  of  all  surveying  tapes  and 
miscellaneous  equipment 

2.  Should  have  basic  surveying  skills 

3.  Must  exhibit  a  strong  willingness  to  luarn 

4.  Should  have  a  basic  educational  background  in  surveying  with  0  to  1 
year  field  experience 

{NOTE:  In  all  cases,  each  member  of  a  survey  crew  should  portray  a 
sense  of  professionalism,  be  assertive,  and  do  the  l>est  possible  job 
in  the  least  amount  of  time.) 

Duties  of  survayom 

A,  Land  surveyor  shou!d  be  an  expert  in 

1.  Subdividing  la  ds 

2.  Retracing  old  boundary  lines 

3.  Analyzing  evidence  of  the  legality  of  a  boundary 

4.  Vs/riting  accurate  descriptions  of  land  parcels 

(NOTE:  The  i^ucational  requirements  to  become  a  registered  land 
sun^eyor  (R.L.S.J  wil)  vary  from  state  to  state.  An  average  figure 
across  the  region  would  t>e  2-4  years  educational  requirements  and 
4-6  years  experience  working  directly  with  a  registered  land  surveyor. 
Check  with  your  instructor  to  verify  the  requirements  in  your  state.) 

B.  Topographic  surveyor  is  responsible  for 

1 ,  Locating  all  existing  features  of  a  site 

2.  Determining  any  elevation  contours  on  a  site 

(NOTE:  A  targe  percentage  of  topographic  information  Is  obtain^l  by 
photogrammetric  methods,  especially  aerial  photographs.  Sug- 
gested educational  background  for  a  topographical  sun/eyor  would 
be  completion  of  a  1  to  2  year  surveying  program,  and  0-2  years  of 
surveying  experience.) 
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C.  Construction  surveyor  is  responsible  for 

1.  Accurately  determining  terrain  where  engineering  projects  are  to  be 
constructed 

2.  The  actual  laying  out  or  staking  procedures  required  to  accurately 
locate  the  future  construction 

3.  Measuring  and/or  computating  construction  quantities  that  would  be 
used  for  final  payments  on  work  completed 

(NOTE:  Educational  background  and  experience  are  extremely 
important  in  an  area  of  daily  construction  of  engineering  projects, 
with  a  minimum  suggested  educational  background  of  2  yeans  and  2- 
4  years  of  previous  construction  surveying  background,) 

D,  Geodetic  surveyor  duties  lie  in 

1,  Locating,  with  great  precision,  surveyed  station  points  used  for  hori- 
zontal control 

2.  Establishing  vertical  reference  points  used  for  vertical  control 

(NOTE:  Geodetic  survey  work  is  normally  performed  to  first-order 
accuracy  and  usually  involves  large  areas  of  land.  Educational  back- 
around  and  experience,  because  of  the  accuracy  required,  is  there- 
fore quite  stringent.  You  may  want  to  visit  with  a  local  company  that 
does  geodetic  work  to  see  what  their  requirements  are.) 

Personal  characteristics  of  a  good  surveyor 

A.  Checks  all  equipment  before  starting  work 

B.  Operates  all  equipment  correctly 

C.  Is  safety  conscious  and  follows  safety  regulations 

D.  Takes  instructions  readily  and  follows  company  rules 

E.  Practices  conservation  of  materials,  equipment,  and  time 
R      Displays  enthusiasm  atx)ut  work 

G,      Exhibits  pri-^^  in  the  trade 

Controls  temper  at  all  timos 
I,       Is  punctual 

J       Is  cooperative  with  all  Involved  parties 
K.      Keeps  accurate  field  notes  and  log  reports 
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Advantages  and  disadvantages  of  tmmg  a  surveying  technician 

A.  Advantages 

1     Good  pay 

2.  Outdoor  work 

3.  Job  variety 

4.  Opportunity  to  improve  skills 

5.  Job  mobility 

(NOTE:  A  surveyor  with  several  skills  has  an  opportunity  to  work  in 
all  geographic  locations,) 

6.  Comfortable  dress 

7.  Sense  of  accomplishment 

8.  Involvement  with  many  professional  organizations 
Disadvantages 

1     Possibly  dirty  v^ork 

2.     Possibly  hazardous  work 

Examples:    Dangerous  areas  —  Blasting,  sleep  slopes,  swamps 
Working  near  heavy  construction  equipment 
Possibility  of  accidents  and  injuries 

3  Exposure  to  weather  conditions 

4  Work  may  require  travel  away  from  home 

5.     Work  could  require  long  or  awkward  hours  at  times 
Employment  opportunities  in  the  sunreying  profession 

A.  Registered  land  surveyors 

B.  Consulting  engineers 

C.  Civil  engineering  companies 

D.  Contractors/Construction  companies 
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E.  Material  testing  companies 

F.  Land  title  and  mortgage  companies 

G.  Local  government  agencies 

1.  City  engineering  division 

2.  City  planning  division 

3.  Transportation  division 

4.  Municipal  utilities  division 

H.  Federal  government  agencies 

1.  USGS  —  United  States  Geologicai  Survey 

2.  DMA  —  Defense  Mapping  Agency 

3.  BLM  —  Bureau  of  Land  Management 

^  USPS  —  United  States  Forestry  Service 

5.  SCS  ~  Soil  Consen/atton  Service 

6.  Corps  of  Engineers,  Dept  of  the  Army 

7.  NGS  ™  National  Geooetic  Survey 


ERLC 


Cadastral 
Surveys 


Route 

Surveys 

Aerial 
Surveys 


IS  of  Surveys 


Surveying 


Underground 
Surveys 


Construction 
Surveys 


Surveying  Equipment 


Dumpy  Level  Automatic  Level 


Surveying  Equipment 

(Continued) 


Philadelphia  Rod       Metric  Rod 

(Front)  (Back) 


Level  Rods 


Chain 


Tapes 
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ASSIGNMENT  SHEET  #1  -  RESEARCH  EMPLOYMENT  OPPORTUNITIES 


Directions:  Research  your  local  area  for  aU  possible  employment  opportunities  for  surveying 
technicians.  Ask  the  following  questions  and  record  the  answers  in  the  blanks  provided. 

1.     Are  there  any  local  private  firms  that  currently  employ  surveying  technicians? 
^  -  If  so.  list  the  names  of  each. 


2.     What  local  government  agencies  currently  eir.pioy  surveying  technicitjns? 


3.     Are  there  any  federal  government  agencies  within  your  area  that  currently  employ  sur- 
veying technicians?  If  so.  list  the  agencies. 


If  not.  where  is  the  closest  federal  agency  that  docs? 
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4.     Do  any  of  the,  pnvate  firnjs  listed  on  the  prpcpdinQ  page  have?  openiny.s  for  yurveyinp 
technicians  presently?   if  so,  iist  each." 


If  nut.  how  do  they  find  new  employees  when  openings  occur?  (classified  ad.  employ- 
ment agency,  etc.) 


5.     Are  there  any  local,  state,  or  federal  agencies  that  currently  havo  an  openmr,  for  a  sur- 
veying technician?   If  so.  list  the  agency. 


If  not.  what  is  their  procedure  for  filling  openings  when  they  occur? 


G.     What  is  the  employment  outlook  for  the  future  for  surveying  technicians  in: 
Private  iridust  y  


Local/state  government  _  


Federal  government  agencies  ... 


ERIC 
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UNIT  I 

ASSIGNMENT  SHEET  #2  -  INTERVIEW  A  SURVEYING  TECHNICIAN 

Directions:  Make  an  appointrm>n!  with  a  v^urvevint:!  twhmiuan  pr<*sef:i  y  employed  in  lhat 
capacity.  Ask  the  following  questions  and  rpcord  the  an:'.wrfir  in  the  blankjs  provided 

1,  What  is  your  career  title?      

2.  What  tasks  do  you  perform  on  the  job'^   _     .   


3.     What  educational  tiaining  and  occupajionat  o>cper?ence  ti^  fcquired  for  lihi^  job? 


A.  What  personality  !rait^^  are  most  importatn  m  your  fiold"'  _ 
5.     What  skills  and  knowledge  are  required  in  this  uccupatton^ 


6.     What  is  the  approximate  starting  salary  of  workery-  in  your  occupation? 


7.     What  is  the  employment  outiook  for  tht*  future  in  1hii»  caaivr'^ 
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8.     What  are  the  possibilities  for  advancement  in  this  field? 


9.     What  is  your  favorite  part  of  this  job? 


10.     What  is  your  least  favorite  part  of  the  job? 


ERIC 
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ASSIGNMENT  SHEET  #3  ~  TAKE  BASIC  MATH  PRETEST 


Directions:  The  following  problems  are  designed  to  assess  your  basic  math  skills  in  various 
areas.  Solve  each  problem  and  place  your  answer  in  the  blank  or  space  allowed. 

PART  A:  Addition 

1.          9               2.          8                3.          92  4.  87 

•»  8                      ♦   8                           38  26 

•4-77  4-44 


44               6.  923  7.          327  8.  270 

57  934  240  358 

Ji_63  966  136  609 

+  123  +  238  +  224 


If  a  construction  crew  works  320  hours  one  week,  416  hours  the  next  week,  345  hours  in 
the  third  week,  and  218  hours  the  fourth  week,  how  many  hours  did  the  crew  work  in 
that  month? 

    _._  hours 


10.  While  repairing  surface  failures,  a  crew  laid  528  sq  ft  of  aggregate  on  the  first  job.  640  sq 
ft  on  the  second  j->b.  and  580  sq  ft  on  the  third  job.  How  many  square  feet  did  the  crew 
cover? 

  -  -  sq  ft 


PART  B:  Subtraction 

1.  84  2.         4635  3.         4178  4.  983 

-   57  -  3187  -  1539  -  656 


5.         771  6.  53  7.  356  8.  378 

-  289  -  39  -  178  -  179 
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9.     If  the  boom  on  a  side  boom  is  18  ft  and  you  need  25  ft  to  do  a  particular  job.  fiow  much 
boom  would  have  to  be  added? 

  ft 


10.  If  guardrails  \«ere  placed  along  2,488  linear  ft  of  roadway  the  first  day,  and  the  operator 
needed  to  place  them  along  8,562  linear  ft  that  week,  how  much  more  distance  would 
have  to  be  covered  in  the  remaining  four  days? 

 ,  linear  ft 


PART  C:  MuHiplication 

I-        63  2.         85  3.         32  4.  42 

X  38  X  76  X  59  x  96 


5.        73  6.         64  7.  567  8.  879 

X  64  X  83  X  485  x  729 


9.     If  a  load  of  rock  weighs  18.796  lb.  how  much  would  78  loads  weigh? 

, — .  pounds 

10.     If  a  dragline  could  stockpile  676  cubic  yd  of  dirt  in  two  days,  how  much  could  be  stock- 
piled in  14  days? 

 „   cubic  yards 


PART  D:  Division 

1-    8^96  2.    12)24  3.    30)90  4.  66 


ERIC 
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6.    23)276  7.    19)152  8.  62)7739 
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9.     If  a  survey  crew's  vehicle  travels  4,572  miles  a  year,  how  far  would  it  travel  in  one  month? 

 miles 

10.     If  the  distance  across  a  ravine  Is  13,K)8  ft,  and  the  excavation  crew  can  move  only  90  ft. 
per  day.  how  long  would  it  take  for  the  crew  to  cross  the  ravine? 

 days 


PART  E:  Converting  flections 

1.  Convert  each  of  the  following  mixed  numbers  to  improper  fractions  (where  the  numera- 
tor is  the  same  or  larger  than  the  denominator  such  as  4/4. 5/3.  and  10/9.)  Do  not  reduce 
answers  to  lowest  terms  at  this  time. 

a.   3  •  =   f.    2  =  


4  "  2 


b.    4  -J  =  ____  g.    3  ^  = 

2    —  y  4 


1  2 
d.   8  -  =                                  i.    9  ^ 

2  3 


2  2 

e.    6^=.   j.  5j 

3  3 
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2.     Convert  each  of  the  following  improper  iractions  to  mixed  numbers.  Do  not  reduce 
answers  !o  lowest  terms  at  this  time. 


a. 


16  _  ^  ^19 
5  ~  ■  13 


b.    g,  8 

5  7 


C. 


d. 


17  .  75 

~   h. 

3  32 

8  _  24 
3  1?" 

9  _  j  13 
2  "   ^"    9  " 


PART  F:  Reducing  fractions  to  lowest  terms 

Reduce  the  following  fractions  to  the  lowest  terms. 

2     8  _  7     ^  _ 

■    24  "  •    12  " 


10^  o  7 

15'  21 


25    ^-  8 


1^  =   10.  10 

48  12 


'I 
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PART  G:  Finding  lowest  common  denominators  (LCD) 

Find  the  lowest  common  denominator  and  convert  each  fraction  to  its  LCD  equiv  'ent. 
'      '    3-9       ^^^  =  — ^  2.     a.    II       LCD  =  „ 

3  8   

^7  5 

c.    -  =   c.    -  - 

9  6   


^     I!  5 

c.    -  =   c. 

d. 

8 


b.  U 
IB 

0,  3.   

B  


.9    .  , 
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PART  H:  Adding,  subtracting,  multiplying,  and  dividing  fractions 

1.  ^  =  -  2  3^2^ 

12     8  ■  5  3   


16     8     4  ^      20     4     10  5 


8     3     ~~   5  8 


7  3^  o      1  5 

9     8"- ~  3  16 


9-     1^x2^   10,  ^xeU 

2       4  2  2 


f'-     3  4     3  2 


8     2  "  5 


3  I 
15.      127  -  1  „  =^ 

i<  2 
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PART  I:  Converting  fractions  lo  decimais 


1 

5  ^  =  

10 

6. 

3^  = 
4 

2, 

*> 

100 

7. 

-J-  - 

3. 

87 

1000  ■ 

8. 

110  -  = 
8 

4. 

1£>;)0   

9. 

77^  = 
50 

b. 

5  6 
100 

10. 

12?  = 
3 

PART  J:  Adding,  subtracting,  multiplying,  and  dividing  decimals 

1.         5.29  2.  72.24 

4.38  16.38 


3      868.d7  -  5l6.a9  =    _  „.  4.     Si 5  -  $12.53 


b      2.54  X  3.1  =       6.     35  x  8.5  = 


7      120  X  0.33  =  .         „    8.     2B.4  x  3.8  = 


9.      10.71  -  0.07  =   10.      0.225  0.15 
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PART  K:  Converting  fractions  to  percentages 

1. 


4 


4 


2,   2^  2 

9  5.  2 

a  -1=  

10   


PART  L  r:;.iuentage  problems 

1.     There  are  100  bolts  in  a  box.  Twenty-five  boits  are  what  percent  of  the  bolts  in  the  box? 


2.  if  11%  of  the  students  in  a  school  are  absent,  what  percent  are  present?  

3.  There  are  20  students  in  a  class.  Sixty  percent  of  the  students  are  boys.  How  many  are 
boys?   „   ' 

4.  One  day  5%  of  the  20  operators  in  Mr  Moore's  group  made  perfect  time  completing  a 
job.  How  many  operators  made  perfect  time?  


5.     Contractor  McGill  bought  a  new  compressor,  regularly  selling  for  $120,  at  a  sale  and 
saved  20%.  What  was  the  sale  price?  


PART  M:  Mix  ratio  problems 

1.     Given  90  cu  yd  of  aggregate,  how  much  sand  will  you  need  to  mix  a  3:2  ratio  of  sand  and 
aggregate? 


cu  yd  of  sand 


2.     You  are  to  mix  '/4'' aggregate  and      aggregate  to  a  ratio  of  3:2.  How  much  V4"  aggre- 
gate will  you  need  if  you  have  150  cu  yd  of  V2"  aggregate? 


cu  yd  of  V4"  aggregate 


3.     Given  300  tons  of  asphalt  concrete,  mix  asphalt  concrete  and  solvent  to  a  ratio  of  75  25 
How  much  solvent  will  you  need? 

  gai  of  solvent 
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4.     The  fuel  mixture  ratio  of  gasoline  to  two-cycle  engine  oil  is  20: 1  for  your  chain  saw.  How 
much  oil  will  you  add  to  5  ga)  of  gas? 


qt  of  oil 


5.     The  ratio  of  an  industrial  strength  cleaner  in  water  is  6  parts  cleaner  to  100  parts  water, 
You  estimate  the  job  will  take  15  gallons  of  water  How  nnuch  cleaner  will  you  add? 


gal  cleaner 


PART  N:  Slope  ratio  problems 

1.     Find  the  slope  ratio  in  feet  and  hundredths.  Convert  distances  to  like  ternns  where 
needed.  Round  off  to  the  nearest  hundredth.  Round  the  slope  ratio  to  whole  numbers. 

V    =    vertical  distance 

H    =    horizontal  distance 

DISTANCES  RATIO  |FEET) 

a.  V  s=  12  ft,  H  =  24  ft  

b.  H     15  in.  V  -  5  in   

c.  H  =  5  ft,  V    0.05  ft   

d.  V  =  1  in,  H  =  3  ft   

e.  H  =  12  ft,  V  =  4  in   


RATIO 

(HUNDREDTHS/FT)  SLOPE  RATIO 


2.     Find  the  vertical  distance. 

SLOPE  RATIO  HORIZONTAL  DISTANCE  VERTICAL  DISTANCE 

a.  3:1  24  ft      ft 

b.  14:1  224  in     in 


3.  Find 
a. 


the  horizontal  distance. 
SLOPE  RATIO 

25:1 


VERTICAL  DISTANCE 

0.5  ft 


HORIZONTAL  DISTANCE 

.      .  ft 
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PART  0:  Measure  and  volume 


1 


Conversions.  Round  answers  to  nci^rost  tenth. 


a 


48  in 


ft 


b. 


312  ft 


yd 


c.  8  cu  yd     -   .        cu  ft 

d.  7  sq  yd     =   sq  ft 

e.  11  sal      =    -  qt 

2.  Basic  formulas  for  areas  and  volurnoB. 

a.  24'  long,  18'  wide     Surfaco  area  -  

b.  13"  wide.  2  V:."  long  -   Surface  area  ^   

c.  7'  long.  2*  wide,  1'  high  -  Volume  =?  .  „^  . 

d.  ■•/.>'  wide.  3"  high,  2'  long  —  Volume  =   

e.  A"  long,  2"  wide.  V-."  h'tgU  ~  Volume  ^    

3.  Word  problems.  Round  off  answers  to  the  nearest  tenth.  Show  your  work. 

a.      One  cubic  yard  of  acigrcgate  weighs  2,550  lb  How  many  tons  would  10  cubic 


yards  weigh? 


(NOTE;  1  ton  -  2.000  lb) 


tons 


b. 


What  is  the  .■^urfanr?  nrna  nf  a  failiirp  ?'8"  v  1'fi'*? 


sq  ft 
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How  many  cubic  feet  of  concrett^  will  be  n^quired  to  make  a  pavement  patch  8 
feet  long,  7  feet  wide  and  6  inches  deep? 

    cu  ft 


How  many  square  feet  have  to  be  painted  on  a  building  20  feet  long  on  each  side 
and  14  feet  high  if  you  paint  all  four  sides?  If  a  gallon  of  paint  covers  350  square 
feet,  how  many  gallons  are  required? 

 sq  ft   gal  ot  paint 
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ANSWERS  TO  ASSIGNMENT  SHEETS 

Assignment  Sheots  #1  and  #2  —  Evaluattni  to  the  satisfaction  of  tho  instructor 
Assignment  Sheet  #3 
PART  A 


1. 

17 

2. 

16 

3. 

207 

4. 

157 

5. 

164 

6. 

2946 

7. 

941 

a 

1471 

a 

1,299  hours 

10. 

1.748  Rp  ft 

PART  B 

1. 

27 

2. 

1448 

3. 

2639 

4. 

327 

6. 

482 

6. 

14 

7. 

178 

8. 

199 

9. 

7  foet 

10. 

6,084  linear  feet 

PARTC 

1. 

2394 

2. 

6460 

3. 

1888 

4. 

4032 

5. 

4672 

6. 

4482 

7. 

274.996 

8. 

640.791 

9. 

1,466,088  pounds 

10. 

4,732  cubic  yards 
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PART  D 


1. 

12 

2. 

2 

3 

3 

4. 

3 

5. 

4 

6. 

12 

7. 

8 

8. 

124.  R51 

9. 

381  miles 

10. 

151.2  days 

PART  E 
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2, 


a. 

f. 

'V:- 

b. 

"V;. 

9- 

c. 

h. 

d 

1. 

e. 

j- 

'^/., 

a. 

3  V'. 

f. 

1  ''/l-* 

b. 

2  '-k 

9- 

1 

c. 

5  -7.^ 

h. 

2  '  V:.,' 

d. 

2  ■'/.< 

1. 

1  '/r/ 

e. 

4  '/,• 

j- 

1  "(V. 

PART  F 


1. 
2. 
3. 
4. 
5. 


6. 
7. 
8. 
9. 
10 


V' 

'-/(. 


PART  G 


1. 

a. 

9 

.?.  a. 

24 

b. 

b. 

c. 

c. 

3. 

a. 

24 

4.  a. 

56 

b, 

b. 

c. 

c. 

d. 

5. 

a. 

16 

b. 

Vii, 

c. 

d. 
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PART  H 


1. 

1  ''IVA 

2 

1  -Vv. 

a 

1  Vit^ 

4. 

2  ■% 

5. 

•••Am 

6. 

7. 

'■*//;> 

8. 

V4M 

9.  3  Vii 

10.  3  '/-I 

11. 

12.  V.-4 

13.  V4 

14.  13  '/.t 

15.  8 


PARTI 


1.  5.6 

2.  1.02 

3.  .037 

4.  7.083 

5.  5.06 


6.  3.75 

7.  55.5 

8.  110.625 

9.  77.02 
10.  12.667 


PART  J 


1.  19.29 

2.  180.99 

3.  351.98 

4.  $2.47 

5.  7.874 


6.  297.5 

/.  39.6 

8.  100.32 

9.  153 
10.  1.5 


PART  K 


1.  25--'.. 

2  22.2^0 

3.  70% 

4.  7b% 

5.  1000. 


PART  L 


1.  25% 

2.  89  ^'c 

;i  12 

4.  1 

5.  $96.00 


PART  M 


1.  135  cu  yd  of  sand 

2.  225  cu  yd  of  '/4"  aggregate 

3.  100  gal  of  solvent 

4.  1  qt  of  oil 

5.  0.9  gal  cleaner 
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ANSWERS  TO  ASSIGNMENT  SHEETS 


PART  N 


RATIO  (FEET) 

a  24:12 

b.   

r  5:0.05 

d.  3:0.08 

o  12:0.33 

2.  a.  a  ft 

b.  If)  in 

3,  a.  12.5  tt 
t).  4  ft 

c.  160  ft 

PART  0 

1       »  4  ft 

b  104  yci 

c.  216  cu  ft 

U  63  sq  ft 

f-  44  qt 

a.  432  nq  ft 

b.  390  sq  in 

c.  14  cu  ft 

d.  432  cu  in 
C-.  4  cu  in 

H  12  8  tons 

r>  4  sq  ft 

c.  28  cu  ft 

d  1 1?0  yq  tt.  v3,2  gal  of  paint 


r-  '  « 
III, 


RATIO 

(HUNDREDTHS/FT) 

15:5 
60:0.6 
36:1 
144  4 


SLOPE  RATIO 

2:1 
3:1 

100:1 

36:1 

36:1 
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INTRODUCTION  TO  BASIC  SURVEYING 

UNIT  1 


NAME„  . 


TEST 


Match  the  terms  on  the  right  with  the  correct  definitions. 


Testimony,  physical  objects,  marks,  traces 
of  former  objects,  or  any  relationship  of 
these  items  that  may  furnish  proof  or  partial 
proof  of  a  lost  corner  or  twundary  line 

_b.  Used  commonly  to  denote  everything  which 
is  the  subject  of  ownei^hip 

_c  An  imaginary  line  along  the  grounc'  where 
all  points  are  of  the  same  elevation  above  or 
below  a  specified  datum  surface 


..d  The  configuration  of  a  surface,  including  its 
relief  and  the  position  of  its  existing  and 
man-made  features 

_  _  e.      The  physical  features  of  a  tract  of  land 

 f,       A  precision  instrument  used  for  measuring 

horizontal  and  vertical  angles 

 g.  The  method  of  obtaining  reliable  measure- 
ments by  means  of  photographs 

,  h.      A  line  along  which  two  areas  meet 

-^.J.  A  line  indicating  ownership  as  described  by 
the  legal  description  or  the  platted  drawing 

 j.       A  repeating  sun^eying  instrument  for  mea- 

suring  hori2ontal  and  vertical  angles 

 k.      The  degree  of  refinement  used  in  measuring 

a  value,  either  by  the  numtjer  of  times  it  is 
measured  or  by  the  degree  of  graduations  it 
was  measured  In 

„l.  Denotes  the  absolute  ^'nearness**  of  the 
measured  value  to  the  true  value 

„m.  A  line  indicating  ownership  boundaries  by 
land  descriptions,  surveyor's  drawing,  or 
physical  markings  such  as  fences,  stone 
monuments,  or  iron  pins 


1.  Accuracy 

2.  Boundary  line 

3.  Contour 

4.  Evidence 

5.  Photogrammetry 

6.  Precision 

7.  p/^perty 

8.  Property  line 

9.  Terrain 

10.  Theodolite 
11  Title  line 

12,  Topography 

13.  Transit 


r 
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TEST 


2.     Define  the  term  "surveying;* 


Distinguish  between  the  two  claBSifications  of  surveying  by  placing  a  "P"  next  to  the 
description  of  plane  surveying  and  a  "G"  next  to  geodetic  surveying. 

Any  type  of  surveying  in  which  the  surface  of  the  eanh  is  considered 
spherical 


Any  type  of  surveying  in  which  the  surface  of  the  ea-th  is  considered  a  flat 
surface 


4,     Match  the  different  types  of  surveys  on  the  right  with  their  appropriate  descriptions. 


.c. 


d. 


_..e 


Consist  of  the  establishment  of  land  cur^ 
ners  and  boundaries,  and  the  areas  of  a 
given  land  parcel 

Consist  of  the  location  of  a!i  ground  con- 
tours and  existing  features  that  are  found 
within  the  survey  limits 

Consist  of  the  preliminary  layout  and  con 
tro!  work  required  to  survey  a  narrow  but 
long  strip  of  land 

Consist  of  the  layout  work  required  on  sites 
where  construction  of  an  engineering  nature 
is  to  be  undertaken 

Consist  of  the  preliminary  surveys  utih;  ?ig 
photographs  taken  from  an  airplane:  those 
photos  are  scaled  and  sometimes  arc 
viewed  in  three-dimensional  format 

Consiot  of  work  done  to  locate  points  or 
objects  that  are  below  the  earth's  sur:ace, 
as  in  mines,  tunnels,  and  aqueducts 

Consist  of  those  made  to  determmo  ihe 
actual  shape  of  the  bottom  of  takes,  nvors. 
harbojs.  and  oceans:  aiso  include  the  loca- 
tion of  shorelmes,  measurement  of  flow, 
and  estimation  of  resources 


1.  Aerial  surveys 
Z  Cadastral  surveys 

3.  Construction  surveys 

4.  Hydrographic  surveys 

5.  Route  surveys 

6.  Topographic  surveys 

7.  Underground  surveys 
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TEST 


Match  typut-  ot  eiUi^P^^HMit  i?n  tUv  nq?it        their  t  r.rrvvl         n\       ;>urvi'v;riM  HJoU.'t> 

  .n,       Uso<i  \i>  rrH\'5Si.ire  hoi*/ontal  anri  slof^p  ;1i'v        1  C^siinirn;  ;nn^,. 

1  i^.i/vi'U,  i^jiHi  k-vo*  ^oUb 

 b       Usrd  tr  marH  chain  ^ennth*^  ^Ahrn  mrasur 

Usi?d  to  ov.tabhbh  stfaiqht  hru^s  aful  ti:  ip^m-       ^*  H;.'.ncir 
^,ur(-'  huri/Qfital  and  vorlica!  anqk  s 

b  »aF?es  Of  chains 


 d.       tki^Hi  IP  (^btabhsh  a  hnt*  ot  signi  tovwifO  a 

point 

  il!;t>ii     ^"'XU?nd  a  triip  voi  licwii  Shk-;  up  j 

 t.  \o  *ri(;  asure  vertical  dif^r^c^ncr-s  !?^  f  k  - 

©    r.HMD  •  ■  tJ^H  tr^JMU*  dic>ta;.^'^^  ^ri\\i::v.-'*^^u  .ir-v^^^o 

Q    tl)C      IJirtrofu::  data  caiiector 

O    t-t     PI)    •  ^^lavi.VHH;  aj*aputcft>  ai;d  pK-a^f^^:;  a: 

.,a.        ^/a^^.vj^  lyiH-,  tha?  rar:  rerfsK^:  mCI- v\  a;If^>:a         ^v^  t  j:-  !';at»^  *!'f-as. 

rt:  -'ga  ca.K -ro-?  wav^.-.  aa;l  ai  tiiaily  ^u  ^v^  y.n  '.^a^ayi"' ^  :',r';piy  b>  ''^)t^^^ 
.aG  fu.^ld  ciaia 

  ^k-a^aMf.v  IMa  r-hn*:  'V)p*-M  ^a::(/ '  vf-tntrf  N^a'd        a'r;-  v^-.'^-,,^  a-,^ 

ft'it  Totnrit  r  H;air  usf?u  ^^f^  most  iheodolHc*:^ 

r^shanai-h  tha  sulVfwe^  s  fK,'!<3  boi.»i^..  fjcaatt^ar,.  ;aia  sn»**-.:^f  •  fr-ja  '-r.nfia^'v 
v'jMiid  i^t:  kapt  >Arhan  su^voyinc] 

  r1        hUa.tfnrHr;  drspkiV  sarrH/n  that  d^SjM-.'ivS  h:  •  /..v-ta"  :a^.!  w'ta.a  a?  '.^i^'!^  ;^ 

Nf><;(;if.aa"i  acf.uf^^cy 

 a        Uses  satallitcs  orb^tuiy  the  earth  to  a>(;asuf('  'hi  i^  jt  at.v»a  (^i  i  i.nntr.  aatiolc^ 

tfofn  aijiah  t)Uu/f 

 LiectrofiiC  device  that  measures  the  rai^lt>^y  of  w.jv^-  lafKjths  avithra  ancK) 

v^ave  c;r  light  wave)  and  cakajkitt?s  an  artiKU  iH^.tanc^'  d(^a!  «a  rT^pf.^'rt,j  frofTt 
thf'  iasUaaii^at  fa  the  }>(>int  sighted 

 (5        vVhua  faiiy  inocHporated  into  a  busincn^.  n  ca.n  ^'r,:Mbi,'  naJare  the- 

prebf^fit  duties  a?  cavil  drafters,  aad  ahanqe  their  jo\c>> 
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TFST 


-  .  ...h.      Replaces  the  many  methods  of  measuring  distances,  either  hon/ontal. 
slope,  or  vertical 

,  Electronic  device  (usually  hand-held)  that  has  the  capacity  to  store  field 

data,  distances,  angles,  etc.  either  by  hand  entry  (push  button)  or  by  auto- 
matic entry  (instrument  to  data  collector  v^hich  completely  bypasses  the 
operator) 

7.  Distinguish  between  the  responsibilities  of  each  survey  crew  member  by  piacinq  the  foi- 
lovA/ing  letters  in  the  appropriate  blanks: 

O    !  —  Instrument  person  or  observer 

O   C      Chain  person  or  rod  person 

©   PC     Party  chief  or  recorder 

 -  -  a-      Responsible  for  total  operation  of  the  crew  including  tf  .  accuracy  of  the 

work  completed 

 ~  Assists  in  taking  all  actual  surveying  measurements  in  the  field,  and  is 

responsible  tor  the  care  and  cl€?aning  of  all  sun/cying  tapes  and  miscella- 
neous equipment 

.  ...  c.      Responsible  for  the  care  and  operation  of  the  surveying  instruments 

8.  Match  tht!  vanc)us  typf-b  of  sun-cyors  on  the  right  with  their  correct  duties. 

  -  *i       Stiould  be  an  expert  in  subdividing  lands,  1.  Construction  su? 

retracing  old  boundary  lines,  analyzing  evi-  veyor 
dence  of  the  legality  of  a  boundary,  and  writ- 
ing accurate  descriptions  of  land  parcels  2.  Geodetic  surveyor 

 b.      Responsible  for  locating  all  existing  fea-       3  Land  surveyor 

tures  of  a  site  and  detennining  any  elevation 

contours  on  a  site  ^-  lopographic  survryoj 

.  -  c.  Responsible  for  accurately  determining  ter- 
rain where  engineering  projects  are  \o  be 
constructed,  the  actual  laying  out  or  staking 
procedures  required  to  accurately  locate  the 
future  construction,  and  measuring  and/or 
computing  construction  quantities  that 
would  be  used  for  final  payments  on  work 
completed 

  d.       f)utieR  lie  in  locating,  with  greai  precision. 

.<ii<rveyed  station  points  used  for  horizontal 
control,  and  in  establishing  vertical  refer- 
ence points  used  for  vertical  control 
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TEST 

h.       ...     ^„    


!0.  nis!in()uish  between  advantages  and  disadvantages  of  tieifiq  a  Surveyinq  technician  by 
r>lx)Ciny  an  A  next  to  the  advantages  and  a  "D'*  next  to  the  cjisadvantacjei^  in  the  blanks 
provided- 

  a       Sense  of  accomplishment 

_  _b,       Long  or  awkward  hours  at  times 

 e.       Possibly  hazardous  work 

.U-       involvement  with  many  protessioriat  of<ja{'i.-\iUor;.% 
.  e.       Opportunity  to  improvi?  ski\h^ 
f.       Cotnf  Of  table  dress 

„   g,       FV.^Sfbiy  dirty  work 

.      ._h       Job  variety 
• )      I  i*M  seven  entpioynient  opportunivi'j^  available  in  the  -^ujrvc^yincj  p-f^'fe^sinn 

:\.     ^,  .     


iNOft  If  the  followingi  activities  have  not  beer'  a^co^np:  shfii  pri'.^f  Uj  tef^  tn.^  a'-H  voij' 
ir;!,      tor  whert  they  should  be  completed.) 

1?      Research  employment  opportunities.  (Assignment  Sheet 

1  <      Intervic^w  a  surveying  technician.  (Assignment  Sh<M»t  ti?) 

e  a  math  prci  test.  (Ai«.s;ynrTi*  nt  Sheet  #3^. 


iNTOODUCTION  TO  BASIC  SURVEYING 

UNIT  I 


ANSWERS  TO  TEST 


a. 

4 

h. 

2 

b. 

7 

1. 

11 

c. 

3 

j- 

13 

d. 

12 

K. 

6 

e. 

9 

1. 

1 

f. 

10 

m. 

8 

g 

5 

Either  or  both  of  the  followmcj: 

a.  The  art  and  science  of  making  measurements  to  determine  the  relative  position 
of  known  points 

b.  The  process  used  to  lay  out  or  establish  new  points  by  making  calculat.d  ikm.i 
measurements 

a.  G 

b.  P 

a  2  e.  1 

b.  f>  f.  7 

c.  F)  g  4 

d.  3 

a.  5  d.  A 

b.  1  e  3 

c.  6  t.  2 

a.  SC  8.  PD 

b.  DT 

c.  EDC 

d.  DT 

e.  GPS 

f.  EDM 

g.  SC:  PD 

h.  EDM 

i.  EDC 

a  PC 

b.  C 

c.  I 

a.  3 

b.  A 

c.  1 

d.  2 


ANSWERS  TO  TEST 


Any  five  of  the  following. 

i\       Checks  all  equipment  before  starting  work 

t>       Operates  all  equipment  correctly 

n       Is  safety  conscious  and  follows  safety  regulations 

d       Takes  instructions  readily  and  follows  company  rules 

r       Practices  conservation  of  materials,  equipment,  and  time 

f.  Displays  enthusiasm  atwut  work 

g.  Exhibits  pride  in  the  trade 

h.  Controls  temper  at  all  times 
1.       Is  punctual 

i        Is  cooperative  with  ail  involved  parties 

Keeps  accurate  field  notes  and  log  reports 


a       A  e.  A 

b.       D  f,  A 

D  g.  D 

ci.       A  k  A 


Any  seven  of  the  following: 

u       Registered  land  surveyors 

tv      Consulting  engineers 

c       Civil  engineering  companies 

il      Contractors/Construction  companies 

'^      Material  testing  companies 

*       Land  title  and  mortgage  companies 

c       Local  government  agencies 

1)     City  engineering  division 

7)     City  planning  division 

3)  Transportation  diviivion 

4)  Municipal  utilities  division 
^       federal  government  agencies 

h  USGS  —  United  States  Geological  Survey 
?)     DMA  —  Defense  Mapping  Agency 

3)  BLM  —  Bureau  of  Land  Management 

4)  USPS  —  United  States  Forestry  Service 
6)     SCS  —  Soil  Conservation  Service 

6)  Corps  of  Engineers,  Dept.  of  th^  Arfny 

7)  NGS  —  National  Geodetic  Survey 


f  vaiuated  to  \he  satisfaction  of  the  instructor 


SAFETY 
UNIT  II 


UNIT  OBJECTSVE 

After  completion  of  this  unit,  the  student  should  be  able  to  recognize  common  safety  terms, 
practice  both  personal  and  general  job  safety  while  performing  duties,  identify  potential  dan- 
gers that  may  exist,  as  well  as  discuss  some  basic  first-aid  skills  that  are  commonly  practiced 
In  the  construction  field.  Competencies  will  be  demonstrated  by  correctly  performing  the  pro- 
cedures outlined  in  the  assignment  and  job  sheets  and  by  scoring  85  percent  on  the  unit  test. 

SPECIFIC  OBJECTIVES 

After  compfetion  of  this  unit,  the  student  should  be  able  to. 

1.  Match  terms  related  to  safety  with  the  correct  definitions. 

2.  Select  true  statements  concerning  rules  for  general  job  safety. 

3.  State  personal  safety  rules  involved  in  the  surveying  field. 

4.  Select  from  a  list  the  proper  clotning  for  both  warm  and  cold  weather  surveying. 

5.  Select  true  statements  concerning  safety  precautions  to  take  while  working  in  the 
field. 

6.  Label  different  types  of  channeling  dev\;es  used  for  traffic  control. 

7.  List  the  techniques  of  proper  placement  of  traffic  control  devices. 

8.  Select  responsibilities  of  a  flagger 

9.  Complete  statements  concerning  safety  rules  for  f  laggers  on  a  survey  crew. 
10.  Distinguish  between  types  of  communication  used  by  a  survey  crew. 
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OBJECTIVE  SHEET 

11.  Identify  common  hand  signals  used  while  surveying. 

12.  Identify  the  commonly  found  species  of  poisonous  plants  that  can  be  encountered 
while  surveying. 

13.  List  characteristic  reactions  to  common  poisonous  plants. 

14.  Arrange  In  order  the  basic  first-aid  procedures  for  care  of  poisonous  plant  reac- 
tions. 

15.  List  numerous  poisonous  Insects  and  spiders  found  while  surveying. 

16.  Discuss  basic  first-aid  procedures  for  poisonous  insect  bites. 

17.  List  the  four  types  of  commonly  found  poisonous  snakes  and  the  effects  of  each. 

18.  Describe  the  standard  first  aid  procedures  for  snake  bites. 

19.  f^atch  the  different  first  aid  procedures  to  the  proper  type  of  injury  that  the  victim 
is  suffering. 

20.  Compile  a  survey  of  winter  clothing  needs.  (Assignment  Sheet  #1) 

21.  Ck)nstruct  a  diagram  of  appropriate  traffic  control  for  a  two-lane  roadway  (Assign- 
ment Sheet  #2) 

22.  Distinguish  between  correct  and  incorrect  procedures  for  flaggers.  (Assignment 
Sheet  #3) 

23.  Demonstrate  the  ability  to; 

a.  Control  traffic  with  a  flag.  (Job  Sheet  #1) 

b.  Place  emergency  parking  devices.  (Job  Sheet  #2) 
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SAFETY 
UNIT  II 


SUGGESTED  ACTIVITIES 

Obtain  additional  materials  and/or  invite  resource  people  to  class  to  supplement/rein- 
force information  provided  in  this  unit  of  instruction. 

(NOTE:  This  activity  should  be  completed  prior  to  the  teaching  of  this  unit.) 

Make  transparencies  from  the  transparency  masters  included  with  this  unit. 

Provide  students  with  objective  sheet. 

Discuss  unit  and  specific  objectives. 

Provide  students  with  information  and  assignment  sheets. 

Discuss  information  and  assignment  sheets, 

(NOTE:  Use  the  transparencies  to  enhance  the  information  as  needed.) 
Provide  students  with  job  sheets. 

Discuss  and  demonstrate  the  procedures  outlined  in  the  job  sheets. 
Integrate  the  following  activities  throughout  the  teaching  of  this  unit: 

1 .  Have  students  demonstrate  correct  procedures  of  i  ising  hand  signals  to  communi- 
cate in  the  surveying  profession, 

2.  Have  a  registered  nurse  or  a  safety  engineer  speak  to  the  class  on  safety  proce- 
dures  and  techniques  to  prevent  accidents. 

3.  Have  students  complete  a  first  aid  course  and  earn  certification  according  to 
OSHA  regulations. 

4.  Visit  a  construction  site  and  have  students  observe  and  a  lalyze  safety  equipment, 
procedures,  and  methods  of  traffic  control. 

5.  Demonstrate  and  discuss  precaution  and  first-aid  techniques  for  dangers  in  your 
area  such  as  snake  bites,  poisonous  plants,  biting  insects,  ticks,  etc. 

6.  Ask  students  if  they  have  ever  had  a  severe  allergic  reaction  to  poisonous  plants, 
insects,  or  spiders.  Emphasize  precautions  these  students  should  follow.  Discuss 
emergency  treatment  with  school  nurse  or  local  physician. 

7.  Meet  individually  with  studc  ts  to  evaluate  their  progress  through  this  unit  of 
instruction,  and  indicate  to  them  possible  areas  for  improvement. 

Give  test. 

Evaluate  test. 

Reteach  if  necessary. 


50 


INSTRUCTIONAL  MATERIALS  INCLUDED  IN  THIS  UNIT 

A.  Objective  shoot 

B.  Information  sheet 

C.  Transuaroncy  ?]iaHtc^r^> 

1.  TM  1  -   Standard  Types  of  E^nierqiMicy  Parking  Devicc^^ 

2.  TM  2  -  Placemen!  of  Traffic  Conuo!  Devices 

D.  Assignment  sheets 

r     Assignment  Sheet  #1  -  Compile  a  Survey  of  Winter  Clothing  Needs 

2,  Assignment  Sheet  tf2  —  Construct  a  Diaciram  of  Appropriate  Traffic  Control  for  a 
Two-Lane  Roadway 

3.  Assignment  Sheet  #3      Distinc^uish  Between  Correct  and  incorrect  Procedures 
for  Flaggers 

E.  Answers  to  assignment  sheets 
R      Job  sheets 

1.  Job  Sheet  #1      Control  Traffic  with  a  Flag 

2.  Job  Sheet  #2     Piace  Emergency  Parkinp  Devices 

G.  Test 

H.  An*;wers  to  tc^st 

REFERENCES  USED  IN  WRITING  THIS  UNIT 

A.  Perky.  Safidra.  Highv\/ay  Mxiinienance  Equipment  Operator.  Stillwater.  OK:  CIMC/Qkla- 
homa  State  Depaftment  of  Vocational  Technical  Education,  1983. 

B.  American  Red  Cross.  Standard  First  Aid  and  Persona!  Safety,  2nd  ed.,  1979. 

C.  Kavanagh,  Barry  and  S.  J.  GlenTi  Bird  Surveying:  Principles  and  AppHcaiiont;,  Reston, 
VA:  Reston  Publishing  Co.,  Inc..  1984. 

D.  Manual  on  Uniform  Traffic  Control  Devicot,  tor  Streets  and  Highways,  "Part  Vi:  Traffic 
Controls  for  Street  and  Hicjhway  Construction  a?id  Maintenance  Operations"  Washing 
ton,  D.C.:  U  S.  Department  uf  Transportation,  Fodofal  Highway  Ariministration,  1984. 
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SUPPLEMENTAL  REFERENCE  MATERIALS 


Texts... 

A.  Accident  Prevention  Manual  tor  Industrial  Operations,  7th  ed  National  Safety  Council. 
444  North  Michigan  Avenue.  Chicago.  Illinois.  1974. 

B.  First  Aid.  Washington.  D.C.:  United  States  Department  of  Labor.  Bureau  of  Mines,  1978. 
Fllmstrips... 

A.  Nigtit  Safety  at  Work  Site. 
American  Traffic  Services  Association. 

{NOTE:  This  film  should  be  available  through  your  state  department  of  transportation. 
The  program  deals  with  the  safety  of  maintenance  and  construction  crews,  and  traffic 
controls  through  night  work  areas.) 

B.  Shake  Hands  With  Danger. 
Calvin  Productions 

1105  Truman  Road 
Kansas  City,  Missouri  641 

{NOTE:  This  safety  film  stresses  the  importance  of  safety  procedures  and  the  conse- 
quences that  will  result  if  ignored  or  overlooked.) 

C.  The  Flagman 

Utah  State  Department  of  Highways 

(NOTE:  This  film  should  be  available  through  your  state  department  of  transportation.  It 
shows  the  flagger^  requirements,  duties,  responsibilities,  techniques,  and  how  impor- 
tant these  duties  arc.) 
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Tarms  and  definitions 

A.  Channelize  —  To  divert  tratttc  flow  from  one  lane  into  another  lane 

B.  First  aid  —  Immediate,  temporary  care  given  the  victim  of  an  accident  or 
sudden  illness  until  the  services  of  a  physician  can  be  obtained 

C.  Frostbite  —  Tissue  damage  due  to  freezing  of  tissue  fluids 

D.  Heat  cramps  —  Muscular  pains  and  spasms  due  to  loss     salt  through 
sweating  or  to  inadequate  intake  of  salt 

E.  Heat  exhaustion  —  Fatigue,  weakness,  and  sometimes  collapse  due  to 
loss  of  body  fluids  through  sweating  and  inadequate  water  intake 

F.  Heat  stroke  ~  Immediate  tife-threatening  emergency  characterized  by 
extremely  high  body  temperature  and  disturbance  of  sweating  mechanism 

G.  Hypothermia  —  Below  normal  body  temperature  ur ualiy  due  to  overexpos- 
ure to  low  temperatures 

H.  Occupational  Safety  and  Health  Act  (OSHA)  —  Federal  legislation 
designed  to  ensure  safe  and  sanitary  workir^g  conditions  for  employees 

\.       Tangent  —  Sections  of  sign-posted  roadway  preceding  and  following  taper 


J.  Taper  —  Angle  at  which  traffic  is  diverted  from  regular  lane  into  new  lane 
Rules  for  general  Job  &afety 

A.      Be  conscious  of  the  effects  of  your  own.  ab  well  as  other  peooie's.  actions. 
Use  the  ,uoper  too!  for  the  proper  applicatio.)  at  all  times. 

C.  Report  all  defects  in  toots,  supplies,  and  equipment  to  your  immediate 
supervisor 

D.  Properly  use  traffic  control  devices  whenever  conditions  require  them, 

E.  Follow  standard  company  procedures  at  all  times  —  Safety  is  organization. 

F.  Be  constantly  alert  to  all  potential  dangers. 
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Personal  safety  rules 

A.       VytViit  ck-r.r  !ilt!'K;  r\::-V) 

viTt'  af:f>fOjM>att^  ^of  the  activities  being  per- 

'f  tvvv^  ''?  v  vvlim  working 

D.       Bo  alert  :irHj  v  ofvJu^  t  y 

JHift^t  M  ui    nidnnrr  thai  w^li  ensure  safe  practices, 

E.       Kr»ow  lof'rKion.^  of  ttrst 

'.i^rj  (Hjuip^Tit  tit  liUii  fire  (?xtingui^;hers. 

IV,     Appropnate  clothing  while  surveying  (A:;<.:;:nmf^nt  Shret  ^l) 
A       Warm  wcrith^r  dr^^^'t^ 

7  Short  s?orvt>  shirts  cup  arci^ptar^ie,  aithouflh  one  should  constantly 
t>r  ..i'Aari'  ot  thr  d:Hl^:l^^r  of  ;,unbufru  winrl  burn,  insect  bites, 
t:;ratcrio:i.  arui  SK:n  fc^iictions.  yil<^rciies,  etc. 

3.     Lof>:,  I     ?r^>u.v-^^  c^MouiJ  r*^v>=av!,  bv  worn.  Shorts  or  cut-off  pants  are 

4      Safi^ty  r.fioos  .:ift^  i*i  Kj^-ei  t^  J  or  rnyh-lace  fioSd  boots  wjth  steeMoe 

Hi  ad  pf(i|?*(:tio?»  ran  t>r  t;:ff:d  for  protection  aciamst  heat  stroke  and 
::rji:uurn,  an:!  h^r;;  ^.Us  rs^'^  Wv  rn  *n  arCtiS  of  construction  equipment. 

B.      Colli  weather  d^^js^v 

1  VV>:Oi  U'^v^'^r.  f  ^^thiiu,  ^umit^rshtrt.  k)f)Q  sleeve  shift,  and  appropriate 
j^r^et!'  whp'^^^vr^  :  t^:i>lo  so  rayors  can  be  removed  or  added  as  one 
des^rps 

?.  Thoffna!  ufu/if  fA^ear.  *r(>.i!.nrs.  r  nd  insulatod  coveralls  arc  suggested 
^>r  v%Hit\^-  iHTH^  ;v*'.fir 

3.  Foot-wear  u-.  v^ry  jniportant  \n  uAti  v^oafhet  work,  not  only  insulated, 
watof'Prool  tX'oin,  tyji  alsc?  2  pairs  of  socks  with  a  spare  pair  sug- 
gested. 

4  Cilovcs  or  rtiitl^'f^.s  f.hcuiri  noithnr  to(3  bulky  so  that  they  interfere 
with  tfie  at>i<av  f )f  the  wofkf?r  nor  too  tight  to  make  circulation  diHi- 
Ciiit. 

5,  HeacJ  gear  is  nu^r^clatory  in  c;o!d  -weather  to  help  prevent  hypothernnia 
and  fror»tt>ite     !he  enrs  and  face. 
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Safety  precautions  while  in  the  field 

A,  Route  selection  to  the  site 

1      Shou'd  be  chosen  in  advance  whenever  possible 

2.  While  in  rough  terrain,  the  safest  route  to  the  site  may  not  always  be 
the  shortest. 

3.  Care  should  be  taken  when  traveling  in  heavy  ground  cover,  drainage 
ditches,  and  along  high  points  or  steep  embankments. 

4.  Always  be  aware  of  where  you  are  and  the  route  that  you  have  taken. 

B,  Parking  of  surveying  vehicles  at  site  location  (Transparency  1) 

1.  Select  a  place  where  backing  up  will  not  be  required  it  possible. 

2.  Park  in  the  direction  of  traffic,  and  well  along  the  shoulder,  or  near 
curb  if  working  on  streets  or  highways. 

3.  It  may  be  necessary  to  park  the  vehicle  out  in  the  roadway  as  to  pro- 
tect the  survey  site,  but  this  should  be  up  to  the  discretion  of  the 
party  chief  and  strict  precautions  should  then  be  taken. 

4.  Upon  arriving  at  site  location,  have  a  "tailgate"  conference  discus 
sing  the  project  and  what  information  you  are  trying  to  obtain,  and 
any  dangers  or  traffic  hazards  that  may  affect  the  safety  of  the  survey 
crew. 

C,  Using  hand  tools  and  miscellaneous  surveying  equipment 

1.  Do  not  hold  pencils,  chaining  pins,  or  other  objects  in  your  hands 
when  driving  stakes, 

2.  Keep  eyes  and  mind  on  the  job  task. 

Example:    Pounding  stakes,  cutting  brush,  using  axe  or  hatchets, 
etc. 

3.  Give  crew  members  room  to  work  with  tools. 

4.  Watch  for  overhead  power  lines  when  using  level  rods  or  range  pok^s 
{Always  look  up.) 

5.  Keep  a  safe  distance  away  from  instruments  and  vehicles  during  an 
electrical  storm.  Seek  shelter 

6.  When  taping,  watch  for  electric  fences,  passing  vehicles,  electric 
cables,  etc, 

7.  The  proper  location  for  instrument  setups  should  be  chosen  keeping 
safety  considerations  in  mind  as  well  as  any  advantages  for  complet- 
ing the  work  required. 
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R.  Do  not  aliow  other  v^/orkers  or  passer-by  withui  a  30'  radius  during 
operation  of  chain  saws,  brush  saws,  or  other  clearing  equipment. 

9.  When  not  in  use,  equipment  and  ali  hand  tools  should  t<ave  their  pro- 
tective  guards  in  place  and  stoiod  back  in  their  original  compart- 
ments. 

10,  Prior  to  leaving  the  job  site,  a  360*^  equipment  and  tool  check  must 
be  performed  and  a  conformation  by  all  crew  membens  should  be 
made. 

Common  types  of  traffic  controi  devices 

A,      Channeling  devices  and  their  uses 

Cones  —  Used  to  guide  traffic  along  a  ■  egular  channel 

(NOTE;  Cones  may  become  displaced  by  traffic.  They  should  be 
patrolled  and  replaced  as  necessary,) 


CDNFS 


{NOTE:  Orange  must  he  the  predominant  color  lor  cones.  For  night- 
time  use.  they  must  be  reficclori/ed  or  equipped  with  lighting 
devices  for  rnaximum  visibility,) 
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2.     Driuns  '    Used  to  nuuK  an  imusua?  vorsicle  path 

txariiplcs:  Mark  the  t^kic  of  f.;.,vefiient;  channel  traffic  away  from 
an  op<.»n  trf}(ich;  })roviiio  workif^q  room  for  suA/ey  crew 
and  their  eqi^ipmer^t 


(NOTE:  At  IvtV^t  Wh)  or.uH.c  and  tra;  while  stripes  are  required  on 
each  (JriHTt.) 

Barricades  -  Used  lo  v  iose».  ^>8tr!ct,  or  delineate  all  or  a  pr^rtion  of 
the  right  of-way 

a.       Types  1  and  ii      LisfHj  where^  traffic  is  maintained  to  ma^'k  a 
specific  r^xMrd  or  in  a  series  for  channelizing  traffic 

White 


Orange 


-  -  ;>  MiN«    A*  I 

(NOTE:  Type  !  l>arncades  are  norrnaily  used  on  conventional 
roads  or  urban  streets,  and  Type  1!  barricades  are  intended  for 
use  on  exprensiway^.  an<l  other  high  speed  roadways.) 

b.      Ty})f?  HI  -   Used  to  rtuirk  a  road  section  closed  to  traffic 

1  V'r-!   Ill  BAHfnCAMC 

(NOTE:  The  Type  li!  barricade  is  prirnariiy  used  for  extended 
construction  projvtA^^ 
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B       Su<voy  crew  flagger       Should  always  be  used  in  areas  of  heavy  trattic 

whfle  working  in  the  driving  lanes 

{NOTE.  Two  flaggers  may  be  used  in  extremely  heavy  traffic.) 


Proper  placement  of  traffic  control  devices  (Transparency  2  and  Assignment 

SJietn  #2) 

A.  Place  all  devices  beiuit^  survey  operations  begin. 

(NOTE:  Allow  devices  to  remain  in  place  only  as  long  as  needed;  remove 
immediateiy  thereafter) 

B.  Place  signs  and  barricades  in  areas  free  from  visual  obstructions. 

C-      Place  wi'erc  they  will  convey  messages  most  effectively  acceding  to  high- 
way  dii^  '  :    alignment,  and  speed 

D       Place  at  a  distance  that  allows  driver  adequate  time  to  respond. 

E.      Place  on  right  side  o*  street  or  roadway. 

^.  DTE:  Where  special  emphasis  is  needed,  install  duplicate  signs  opposite 
each  other  on  right  and  left  sides.) 

F       Place  in  traffic  lane  when  appropriate. 

G       Place  advance  warning  signs  approximately  1,500  feet  In  advance  of  work 
area  at  500  ft  mteival  where  open  highway  conditions  prevail 

Responsibilities  of  a  flagger 

A.  Protecting  f.ublic,  other  workers,  and  self 

B.  Stopping  and  slowing  traffic 

G.      Releasing  traffic  when  it  is  safe  to  proceed 
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Alerting  drivers  to  traffic  conditions 
Promoting  good  public  relations 

(NOTE:  The  flagger  has  the  most  public  i.i.^^^ta^i  Vvt)fMi       in  v  :-:  t  : 
should  tell  motorists  the  reason  and  .ipproxMM.:^^  ^^ikh*'  .^i  vir  > 

IX,  Safety  rules  for  fiaggers  (Assignment  Sheet  #3) 

A.      \Atear  orange  vest,  shirt,  or  jacke  t  and  hard  hat  ;f  rrMui^eii  G.^cmf  niy.  i-u- ! 
be  reflectorized  for  nighttime  conditions. 

3.  Stand  where  you  can  be  seen  by  oncrvinng  }rfi?fiv"  !:>r  JKK'  ■'►-et  ^Mt^r* 

C.  Stand  100200  feet  from  work  area 

D.  Stand  in  safe  position  on  shouiilen  nevi;r  n)  pan-i     ap;;?o  i!       ^  vr'w  j-, 

E  Stand  sideways  to  traffic. 

(NOTE;  Stand  in  such  a  way  that  you  can  watch  th*^  co'';:  v-nii  .  /in.ii  :.f  :r 
son  to  your  rear.  Never  turn  full  back  to  trattic,) 

R       Use  either  a  STOP/SLOW  paddM.*  or  a  24  mcb.  sauufo.  ^         to  d.v>  ^ 
flagging. 

G.  Always  stand  alone;  never  mlm         \  woikeis  oi  p^r.si.  'v!  y, 

H.  When  communicatir^g  with  other  use  v»>fbaj  oi  Ik  ^  >  ^  '(if>:^^^.  A^  t;^' 
will  not  be  confused  with  traffic  oi      jg^ncs  signa«^. 

I-       Remain  at  your  station  until  work  has  beer^  comph  ;  i: 

J.       Remove  all  traffic  control  signs  when  work  has  encj{  d 

K.      Always  plan  an  escape  rouse  to  safety  m  case-     -a  (^kh;*  r.^r,  ,  ;r. 

X,  Types  of  communications  used  by  a  survey  crew 
A.      Verbal  communications 

1.  Arc  used  !o  clarify  the  job  tar;k  prior  to  tht  -  ^jcto-jl  r  u'rvi^vio  .;  i^pr  ^u  /' 

2.  Are  used  to  explain  responsibiWt<es  oi  oarri  crt-A*  uui:\\if(>f  v*v?n  n  t.i-A 
tasks  or  methods  are  to  be  used 

3.  Are  usee!  whenever  possible  to  elimmnfe  ir!iS'jn/>..^r*,!.nKf^Mo>  r-^*^ 
attons  being  used  and  misinterpretation  o!  f*old  data 
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^      A    conifnonly  u^ed  in  the  field  for  nonverba!  communication 
V     Should  be  made  with  slow  and  definite  motions 

^      Folluw  RA.A.  rtiles  and  regulations 

Use  caM  lotlcfs  or  registfation  number  if  possible 
3     StiOLiiu  be  spoken  into  clearly  and  used  with  a  sense  of  professional- 


Fxampio'    Do  not  cut  in  or  "break"  on  other  parties'  conversations. 
Common  hand  signals  used  while  surveying 


P.  9  10 


U.K.  Can't  sO€  Turning  point 

or  or  or 

Ail  ficjht  No  TP. 
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•1  « 


/  \ 


Pick  up 

or 

move  )ni>trunient 


\ 


or 


Common  species  of  poisonous  plants 

(NOTE:  Distinguishing  ^t^atures  of  poison  5vy  and  pcMsv  p.  oar  . 
which  are  composed  of  three  leaflets  each.  Bonh  plants  aiso  f 'avt 
flowers  and  berries  that  ^ros\  tn  clu^^tiMs,  Tf ;<>rK^  poison;:^:^  f 
tncted  year-round,) 

A.      Common  poison  ivy  i/hus  rf^dican^} 


1-     Grows  as  a  nniall  ph;nf.  a 
vine,  and  a  shrub. 


?      Grows  everywhere  in  the 
United  States  except  Cahtof- 
nia  and  parts  of  adjacent 
states.  Eastern  oak  leaf  poi 
son  ivy  is  one  of  its  vanetio^. 

3.     Leaves  always  consist  oi 
three  glossy  leaflets, 

4      Also  knuwn  as  three  leaf  ivy, 
poison  creeper  cinnofng 
sumac,  poison  oak,  milk 
weed,  picry.  and  mercury 
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i  i        VV(  t  \o.rn  odK  {rhus  dnvrsiloba) 

1      Gfowi,  in  shrub  'ami  some 

C^M:>vv^^  in  Caiifornia  and  parts 

0         Sv'NH  tKUCl^  CaHC'u  pOIHOi'l  iS  j. 

4      L  eaves  always  consist  of 

Po^s^^ri  *^^umac  {rhus  ye/n/xj 

Gto/.^;-.  *\  'A'oody  shrub  or 
smaH  tree  from  to  2b  tret 
tan 

(V. HI  f!ioM  ui  eastt'fn 
of  United  States. 

Aisu  knov.n  at^  swainp 
sunian.  poisof^  fMdu^  poison 
ash.  poison  dociwoad.  and 
thuriderwood. 

Charricteristic  reactions  io  common  poisonous  plants 


8,iNK  lirsi  aicJ  for  poisonous  plant  rui^ctions 

\>.      Wash      expoMHj  areas  *^ith  socp  and  water 
M)ri^u'  whf)  rutjDinq  ak:ohc4. 
Apfjly  talannne  or  othor  Skin  lotion. 

iNOTF  f      Ntiphtha  hAion  is  an  exceliont  uon  uritating  iotion  for  this  use.} 

h       ty^i^k  fiiedica!  advice  if  rcacttun  is  severe. 

(NOTt  The  bubvt  pfcvcntion  of  poisoninq  from  plants  is  to  learn  to  identify 
VK'  piarii  ivpL^cici.,  avoid  any  contact  on  skm  or  clothing,  and  imnneciiateiy 
r»Mr>uve  cuntafTiinated  clothes  if  contact  is  uncivoidable.) 
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Common  poisonous  insects  and  spiders 

A.  Stings  rrom  ants,  bees,  wasps,  hornets,  and  yeHow  jackets 

(NOTE:  Occasionally  death  may  occu^  but  this  is  almost  always  tiue  tu  an 
acute  allergic  reaction  ) 

B.  Bites  or  stings  from  fieas,  mosquitoes,  gnats,  chiggers,  and  other  insects 
produce  local  pain  and  irritations  but  are  not  likeiy  to  be  severe. 

Ticks  can  carry  several  diseases^  including  Rocky  Mountain  Spotted  Fever: 

D.      Spiders  in  the  United  States  are  generally  harmless,  with  tv^o  notable 
exceptions: 

1.  Black  widow  spider  {latrodvdus  mactans) 

(NOTE:  Symptoms  resulting  from  a  black  widow  spider  bite  arc  a 
slight  local  reaction,  severe  pain  caused  by  nerve  toxin,  profuse 
sweating,  nausea,  ramps,  and  difficulty  in  breathing  and  speaking  ) 

2,  Brown  recluse  [loxosceles  reciusa)  iaiso  called  violin  spider  or  fiddle 
back) 

(NOTE:  Symptoms  resulting  from  a  brown  recluse  bite  are  a  severe 
local  reaction  produced  by  venom,  which  will  form  an  open  ulcer 
within  1  to  2  weeks,  destruction  of  red  blood  cells,  development  of 
chills,  fever,  nausea,  and  vomiting,  and  possible  developmefn  of  a 
generalized  rash  within  24  to  48  hours.) 

Basic  first-aid  for  poisonous  insect  bites 

A,  Minor  bites 

1.  Use  cold  applications, 

2.  Apply  soothing  lotions,  such  as  calamine 

3.  Avoid  scratching  the  infected  area 

B.  Tick  bites 

1.     Cover  the  tick  with  a  heavy  oil  (mineral,  saiad  or  fna<:htnr^  to  cAouf^  its 
breathing  pores. 
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2  H  tho  tirH  !^vv^  I  fji^*^   'l-HHV  allow  oii  to  remain  for  up  to  V;>  hour. 
]hv\\  rMvh\\\y  ?rn*HHv*       vvJih  t\v^'^e::r's,  taKinc;  care  to  remove  all 

:v     Wjlh  r>oap  .nul  Wtilt'?  l!u.rouMl'i!v  tut  yonfiv  nc;ri:h  the  area  from  which 
the  tick  A  il'  rcnu^uni 

iNOTC-  Although  ottu^r  fiK'thinls  are  often  used  (example:  heat  such 
as  a  hot  match  or  Vi  caiaretlo).  thi^y  will  often  leave  parts  of  the  tick 
in  the  wound  ami  may  also  >n!uro  the  surrounding  skin.  Therefore, 
great  care  st-uuki  Ik-  used  to     CiMtam  all  parts  are  removed.) 

C.      Severe  feactions  to  uistn  t  bile;; 

1.  Seek  me<itral  attc^ntioi'  inuiVMliati'l) 

2.  CiiVM  tiftifii  lai  resp-if aT!^^n  fiM^inrfr;]. 

3  Apply  a  r^Mif/irictive'  tuuid  above  the  iiijeetion  site  on  victim's  arm  or 
)e(j.  Do  Hi'l  ..-iepiy  tujfitl^  and  w*:nc^ve  after  Iffi  minutes. 

4.     Kr^'P  af'f  v^tt^i  paM  P(»lovv  ihv  level  of  the  victim's  heart, 

{       Givt'  u*'"ipKfn  f^"..f  p<:iM 

7.     In  '.:;if.<-     p*-?>  s!mv;.  M'^m  >ve  nni  tlfscard  tt>e  stinqinc)  apparatus  and 

Common  poisonous  snakes  and  effects  of  c?ach  i  lah^e  1) 

A.      Ra1tiesnaKi\N      1.^  vi.rw.'i:  aift  ct:;  tfu»  Ciftaiiatofy  systen: 

El       Copprrheans  -    vV'r.n-n  aftA-rji,  ir^t-  r  ?rru-atory  t;y!:tem 
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C.      Water  moccasin  —  Venom  affects  the  circulatory  system 

(NOTE:  Rattlesnakes,  copperheads  and  water  moccasins  belong  to  the 
family  of  pit  vipers  (crotalinae).  They  have  a  pit  between  the  eye  and  nostri) 
on  each  side,  elliptical  pupils,  from  one  to  six  fangs  but  usually  two  well- 
developed  fangs,  and  one  row  of  plates  beneath  the  tail.  See  Figure  1) 


D.      Coral  snake  ~  Venom  affects  the  nervous  system  and  is  very  toxic 

(NOTE:  The  coral  snake  is  normally  small  in  size,  has  tubular  fangs,  round 
pupils,  and  a  double  row  of  plates  beneath  the  tail.  It  is  characterized  by 
red,  yellow,  and  black  rings  around  the  body  and  always  has  a  black  nose.) 
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lABLE:  1        POISONOUS  SNAKES 


RATTLESNAKES 

Alf:0  callird  BanUfd  rattir 
i;nnKr  mountam  rattler.  an^J 
btacH  fatHi^r. 

f  ound  In  uplands  ami 
rnout^lains  horn  *>ou1hwest- 
cnn  Mauif>  to  m^rthcrn  Flor- 
niii.  wesiward  to  central 
T<*wdS.  tM«,!mn  OKIatioma. 
iiMil  Kansas:  and  narth(3fly 
Iw  :,outh.i?astc?rn  Minnesota 
;ind  50uthwC'S1orn  Wiscon- 


EASTERN  DIAMOND. 
BACK  iCrotaius  Aciaman- 
teus) 

hound  Ffom  central  coaui 
(vgion  ol  North  Carolina; 
«4tc«r)«  !<>wrr  coai^tal  plam 
thnnujh  riorffja.  westward 

WESTERN  DIAMOND- 
BACK  {Crofeilus  Atrox) 
f  .>und.  Contra!  AfknnsHS 
anf'  .  'ist{.»rn  TexHS  to  soi^t^• 
nahit  f  n  California,  and 
not  thward  to  ;t'f)lfaJ  Ar>.^oi*fi 


PACiFiC  iCrotiiliis  Vfndft 
Oreganus) 

found.  Bf»tist^  Coluntiwa 
southern   Cal?torn»;3  ;»r:ct 
lower   Caldurr>?iJ.   f:i*^.t  t- 
Idaho,  N^vada,  an<1  Ari/c  rut 

Su^ir  ^'TO  jnchcv 

PRAIRIE  {Crotalus  Vmdi.^ 
Vindis) 

Found:  E^tf?  n>i*  vArOstrr?) 
Iowa  Id  \bi'  Rockies,  and 
beyond  from  southori.  C.u* 
ada  to  northern  MrxK:o 

MASSASAUC.A  (iJ/sfn/'o^ 

Als^o  calltKl.  Pvt^jniy  rrdtlr 
snake. 

Fouf^d  Wr;R{rrn  Nha  Yv 
and  norihurn  Pf?nn^?viv;i:iia, 
westward  to  southi^ist?M  r 
Ct)icrado.  scuithAiiMi 
throuqh  wrrJem  OKUihoma 
into  Tcxa*?.  viCHirN'fn  Nv-'A 
Mfxfc<\  a;<cj  An/orua 


COPPERHEADS 

\Agh)sifodon  Contort  fix) 

Also  .  ulifHJ  MiqfiUind  morciisin.  p'M.  cop 

Vi,  'f  fuiK,>.  chunkhoad  and  adder 

^  I  '.i'Ti  Mnrsc^rhusott.s  to  nortfiefr^  F  lorida; 

wic^;tw       to  Mi^Mr.fiippi  Hjvef  in  lliinojs; 

»Mstrrn  Hafisus  and  Oklahoma;  nml  iicross 

WATER  MOCCASIN 

Agk.:^trodon  Pfscivorus) 
Also  .  4M*'d.  Cottonmouth  i^nd  water  pilot. 
FAyrd.  From  Mnithi\'^ib1ern  Virginia  along 
»:oaM;il  pt.iin«;  through  Flonda.  westward  to 
T('A,i.*  and  Oviijlcrn  Okiahoma,  and  up  the 
Mi^^s  sv  ppj  V*ilit>v  to  tit-JiJthern  Missouri  and 
IfMiu'ifui. 

l>.:r  litLib  inch*  r. 

CORAL  SNAKES 

{MfCfuroidea  trufyxanthu:  —  Western 

Also  \  .^lih-tj  H.ulfquin  cind  t^ead  snake. 
Y  '  w^ti  h\\mt\  tht'Coaiitalpi{^ins  from  central 
N(  rpi  Claf^iiina  throucih  Florida  and  the  Gulf 
r-t;ii?\s:  w^^tvvc^^d  to  Tt'>i*ab.  ana  up  the  Mrs- 

i  tpi>>  Vdl't''V  1o  Arkanvaii. 

S'/#  .  ^fu-  n«-r> 


It!/*.: 
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XVHK     BdSfc  tirstald  prcK:edures  for  snake  bites 

A.      Keep      victim  from  rTioving  aicMjnU 

Keep  the  victim  in  a  lying  position  and  as  cairn  as  }>os.sibie. 
Immobilize  the  bitten  extremity  and  kt^  p  it  at  or  bciow  heart  ievel. 


B 

C 


Apply  a  constrictiny  band  2  lu  4  inch<?b  above  the  Diie  f  hiG  should  be  snug 
but  not  tight.  It  should  be  useci  to  k/ow  the  blood  circulation. 

If  severe  symptoms  develop,  make  an  ineisron  and  apply  buction  immedi- 
ately with  mechanical  device  available  in  j>naKe  bit*^*  kit. 

(NOTE:  A  snake  bite  kit  should  be  kept  in  ali  survey  vehicles.) 


INFORMATION  SHEET 


F.       Try  to  identify  the  species  of  snake.  If  you  can  kill  it  without  risk  or  delay, 
bring  it  to  hospital  for  identification  using  great  care  In  handling. 

(CAUTION:  A  poisonous  dead  snake  is  still  dangerous  because  its  venom  h- 
still  poisonous  and  the  snake's  reflexes  are  present  for  some  time.) 

Basic  first-aid  In  the  field 

(NOTE:  Sometime  while  sun^ying  you  may  be  faced  with  providing  aid  in  an  acci- 
dent oituatici.  When  this  happens,  your  objective  Is  to  provide  immediate  and 
temporary  care  to  the  victim  until  services  of  a  physician  can  be  obtained.) 

A.  Wounds  and  hemorrhage 

1.  Apply  direct  pressure  to  the  wound. 

2.  Immediately  apply  a  sterile  dressing  to  the  wound. 

3.  Cover  with  a  clean,  bulky  cloth  and  apply  pressure  for  10  to  15  min- 
utes. 

4.  If  bleeding  cannot  be  stoppcv',  a  lourniquet  may  be  applied  but  only 
as  a  last  resort. 

B.  Shock 

1.  Apply  warm  coverings  to  retain  body  heat. 

2.  Keep  victim  lying  down. 

3.  Elevate  the  victim's  legs  if  there  are  no  broken  bones 

4.  It  unconscious,  be  sure  air  passage  Is  kept  clear. 

5.  if  conscious,  give  victim  lots  of  liquids. 

C.  Heat  stroke 

1.  Cool  the  body  with  water  or  othe'  s. 

2.  H  conscious,  give  victim  salt  water 

3.  Call  physician. 

D.  Heat  exhaustion 

1.  Lay  victim  down  with  head  lower  than  body. 

2.  Preferrably  relocate  victim  to  a  shaded  area. 

3.  Give  victim  salt  water. 

4.  Call  physician. 
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Hypothermia  (exposure  to  cold) 

1.  Remove  any  wet  clothing  and  replace  with  dry,  warm  clothes. 

2.  Keep  victim  warm  with  sleeping  bags,  coats,  or  blankets. 

3.  Place  victim  inside  vehicle  or  a  warm  shelter 

4.  Replace  body  fluids  with  warm  drinks. 
Frostbite 

1.  Move  victim  indoors  as  soon  as  possible. 

2.  Give  plonty  of  warm  liquids  to  drink. 

3.  Quickly  rewarm  frostbitten  areas  by  immersing  them  in  v/arm  water 
heated  to  ICWF.  for  20-30  minutes. 

4.  Do  not  rub  the  frostbitten  parts. 
Fractures,  dislocations,  and  sprains 

1  Do  not  try  to  "set"  or  relocate  the  injured  limb. 

2.  Immobilize  the  injured  area  by  using  splints  or  padding. 

3.  Generally  one  should  splint  both  the  joint  above  and  below  the  injury. 

4.  Consult  a  physician  as  soon  as  possible. 


standard  Types  of 
Emergency  Parking  Devices 


or 


Three  Red  Reflectors 


Three  Red  Flags 
and  Stands 


Portable  and  Temporary  Mountings 


Orange  Flags 
(Optional) 


Placement  of  Traffic 
Control  Devices 


Typical  Application  ~  Daytime  Maintenance  Operations  of  Short  Duration  on 
a  Two-Lane  Roadway  and  Flagging  is  Provided 


SAFETY 
UNIT  n 


ASSIGNMENT  SHEET  #1  -  COMPILE  A  SURVEY 
OF  WINTER  CLOTHING  NEEDS 


Surveying  may  require  you  to  work  in  extreme  weather  conditions.  It  is  essential  for  the  sur- 
veyor to  be  well-prepared  and  protected  again&t  exposure  to  cold  and  frostbite. 

Survey  your  own  clothing.  MaKe  a  list  of  the  winter  gear  you  already  have.  Make  another  list  of 
the  Items  you  need  to  ensure  proper  protection. 


SAFETY 
UNIT  \l 


ASSIGNMENT  SHEET  #2  ~  CONSTRUCT  A  DIAGRAM  OF  APPROPRIATE 
TRAFFIC  CONTROL  FOR  A  TWO-LANE  ROADWAY 


Channeling  Is  the  most  important  eisment  in  traffic  control  and  safety,  both  for  the  survey 
crew  and  the  public.  Every  operation  will  include  installation  of  traffic  control  devices. 

On  the  stretch  of  highway  below,  draw  in  the  appropriate  signs,  cones,  barricades,  or  f laggers 
for  effective  traffic  control.  Assume  that  v  have  available  any  of  the  devices  you  have  stud- 
ied. 


SAFETY 
UNIT  11 


ASSIGNMENT  SHEET  #3  ~  DISTINGUISH  BETWEEN  CORRECT  AND 
INCORRECT  PROCEDURES  FOR  FLAG6ERS 


Correct  safety  procedures  for  flagging  are  necessary  to  protect  the  tlagger,  fellow  workers, 
and  the  public. 

The  following  is  a  description  of  Janice  Wilson  channeling  traffic  into  a  single  lane  on  a 
bridge.  After  each  statement,  mark  whether  Janice's  actions  were  correct  or  incorrect  by  writ- 
ing an  "X"  in  the  appropriate  blank. 

CORRECT  INCORRECT 

A.  Janice  wears  a  hard  hat  and  a  black  vest.     

B.  She  stands  in  the  traffic  lane  \o  move  the  cars  into 

the  changed  lane-   ,  

C.  She  uses  a  24-inch  STOP/SLOW  paddle.     ^  

D.  Janice  can  be  seen  by  oncoming  traffic  500  feet 

before  the  bridge.    ^    

E.  She  stands  about  250  feet  from  the  bridge.   ,       

F.  While  she  is  waiting  for  cars  to  come  from  the  other 
end  of  the  bndge,  she  turns  and  watches  the  bridge 

opeiation.     .  

&     Alt'^r  her  traffic  is  stopped,  she  takes  a  quick  look  at 

the  other  flagger  for  a  signal.   

H.  She  takes  her  breaks  promptly  at  10:15  and  3:15,  at 

which  time  her  relief  Is  supposed  to  cover  for  her.    ..^ 

I.  At  4:30  when  the  crew  stops  for  the  day,  Janice  puts 

the  signs  out  of  view  of  motorists.    

J,     Andy  came  over  to  Janice'is  station  to  ask  her  for  a 
date.  Janice  told  him  to  keep  clear  of  her  station, 

and  that  she  would  talk  to  him  on  her  break.    


SAFETY 

UNIT  if 
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AssiQnnient  Sheet  #1  -  Evaluated  to  the  satisfaction  of  tho  itu..tructor 
Assignm    '  Sheet  #2 
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ANSWERS  TO  ASSIGNMENT  SHEETS 


Assignment  Sheet  U2 

A. 

Incorrect 

B. 

Incorrect 

C. 

Correct 

D. 

Correct 

E. 

Incorrect 

R 

Incorrect 

G. 

Correct 

Incorrect 

I 

Correct 

J. 

Correct 
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SAFETY 
UNIT  11 


JOB  SHEET  #1  —  CONTROL  TRAFFIC  WITH  A  FLAG 


(NOTE:  Flags  are  to  be  used  for  daytime  flaqqing  only.) 

A.  Equipment  and  materials 

1.  One  24-inch,  square,  red  flag  on  a  staff  approximately  3  feet  long 

2.  Orange  vest,  shirt,  or  jacket  (may  be  re.iective) 

B.  Procedure 

1.     Stopping  traffic  (Figure  1) 

a.  Stand  in  safe  position  on  shoulder  or  in  barricaded  area. 

b.  Hold  flag  in  RIGHT  hand. 

c.  Extend  flag  horizontally  across  traffic  lane. 

d.  Raise  free  arm,  with  palm  toward  driver. 
FIGURE  1 


e.  Look  driver  in  eye;  maintain  eye  contact  until  driver  comes  to  a  full  stop. 

f.  After  first  vehicle  has  been  stopped,  move  to  a  conspicuous  position  near 
centerllne  In  order  to  be  readily  seen  by  drivers  approa'^hing  from  rear. 
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JOB  SHEET  #1 


2.     Releasing  traffic  when  it  is  safe  to  proceed  (Figure  2) 

a.  Move  to  side  of  traffic  lane,  and  stand  parallel  to  flow  of  traffic. 

b.  Lower  flag  to  your  side. 

c.  With  free  arm,  motion  traffic  to  proceed. 
FIGURE  2 


{NOTE:  Do  not  wave  traffic  through  with  flag.  Use  slow  motions.  Rapid 
gestures  may  Ije  seen  as  impatience  or  as  a  signal  to  hurry.) 


3.     Alerting  or  slowing  traffic  (Figure  3) 

(NOTE:  This  is  used  when  slowing  traffic  or  channeling  traffic  into  other  lanes.) 

a.  Face  traffic. 

b.  Wave  flag  slowly  up  and  down  in  sweeping  motion. 

(NOTL.  Keep  flag  at  shoulder  level;  don't  raise  it  above  the  horizontal.) 
FIGURE  3 


c.      When  vehicle  has  slowed,  lower  flag,  and  with  free  arm,  motion  driver  to 
proceed. 

(NOTE:  Never  wave  traffic  through  with  the  flag.) 


ERIC 
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JOB  SHEET  #2  —  PLACE  EMERGENCY  PARKING  DEVICES 

Materials  —  3  red  flags  or  reflectors  (see  Transparency  1) 
Procedure 

1.  Pull  off  the  road. 

2.  Place  one  signal  100  feet  {40  paces)  ahead  of  the  equipment.  (Figure  1) 
FIGURE  1 


3.     Race  second  sign&l  100  feet  {40  paces)  to  rear  of  equipment.  (Figure  2) 
FIGURE  2 


4.     Place  third  signal  as  near  as  practical  to  side  of  equipment  near  traffic.  (Figure  3) 
FIGURE  3 


NOTE:  If  disabled  on  a  Jivided  highway,  place  rear  signal  ^  feet  [80  paces] 
rom  equipment.  If  disabled  on  a  curve  or  hill  crest  or  other  such  obstruction, 

place  signal  where  it  will  give  ample  warning,  but  not  more  than  500  feet  or  less 

than  1(X)  feet  from  equipment.) 


SAFETY 
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NAME 


TEST 


Match  the  terms  on  the  right  with  the  correct  dc^finitionb. 

„  .a.      Fatigue,  weakness,  and  sometimes  col^ 

lapse  due  to  loss  of  botly  fluids  through 
sweating  and  inadequate  water  intake 

 b.      Angle  at  which  traffic  \u  Diverted  from  regu- 
lar lane  into  new  lane 

 c.      Sections  of  sign-posted  roadway  preceding 

and  following  taper 


 d. 
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Muscular  pains  and  spasms  due  to  loss  of 
salt  through  sweating  or  to  inadequate 
intake  of  salt 


Immediate,  temporary  care  given  the  victim 
of  an  accident  or  sudden  illness  until  the 
services  of  a  physician  can  be  obtained 

To  divert  traffic  f!uw  ffom  one  iane  into 
another  lane 

Immediate  life-threatening  emergency  char- 
acterized by  extremely  high  body  tempera- 
ture and  disturbance  of  sweating 
mechanisms 

Federal  legislation  designed  to  ensure  safe 
and  sanitary  working  conditions  for  employ- 
f^es 


1  Channelize 

2.  First  aid 

3.  Frostbite 

4.  Heat  cramps 

5.  Heat  exhaustion 

6.  Heat  stroke 

7.  Hypothermia 

8.  Occupational  Safety 
and  Health  Act 

9.  Tangent 
10.  Taper 


 i.       Tissue  damage  duo  to  freezing  of  tissue  flu- 
ids 

 J.       Below  normal  body  temperature  usually  due 

to  overexposure  to  low  temperatures 

Select  true  statemer  :s  concerning  rules  for  genera!  job  safety  by  placing  an  '*X"  in  the 
appropriate  blanks. 

 a.      Be  conscious  of  the  effects  of  your  own,  as  well  as  other  people's,  actions. 

 b.      Use  any  avaiial^le  tool  for  various  applications. 


TEST 


c-      Defects  in  tools,  supplies  and  equipment  are  very  common,  and  do  not 
need  to  be  reported. 

—  d.      Properly  use  traffic  control  whenever  conditions  require  them. 

 B.      Follow  standard  company  procedures  at  ali  times. 

 f.       Be  alert  for  potential  dangers  -vhen  you  are  tired;  very  few  dangers  exist  at 

other  times  so  you  don't  have  to  watch  then. 

State  three  personal  safety  rules  involved  in  the  surveying  field. 

a.    

b.  .  ,  

c.  . 


Select  from  the  following  list  proper  clothing  for  both  warm  and  cold  weather  surveyina 
by  placing  a  "W"  next  to  those  for  warm  weather  and  a  "C"  next  to  those  for  cold. 

(NOTE:  Some  may  be  used  in  both  warm  and  cold  weather.  Mark  these  "CW".) 

 „a.      insulated,  water-proof  boots,  and  2  pairs  of  socks  with  a  spare  pair  sug- 
gested 

™  Thermal  underwear,  trousers,  and  insulated  coveralls 

 c.      Short  sleeve  shirts  are  acceptable,  although  one  should  constantly  be 

aware  of  the  dangers  of  sunburn,  wind  burn,  insect  bites,  scratches,  and 
allergies.  Long  sleeve  shirts  should  be  worn  in  brush  cover, 

 Safety  shoes  are  suggested  or  higti-lace  field  boots  with  steel-toe  protec- 
tion if  possible. 

_  e.      Head  gear  is  mandatory  to  help  prevent  hypothermia  and  frostbite  of  the 

surveyor's  ears  and  face. 

 Head-protection  can  be  used  for  protection  against  heat  stroke  and  sun 

burn. 

 g.      Gloves  or  mittens  that  do  not  interfere  with  the  ability  of  the  worker  or 

interfere  with  circulation. 

Select  true  Siatements  concerning  safety  precautions  to  take  whiio  working  in  the  field 
by  placing  an  "X"  next  to  the  true  statements. 

 a.      While  In  rough  terrain,  the  safest  route  to  the  site  is  always  the  shortest. 

_  b.      Care  should  be  taken  when  traveling  in  heavy  ground  cover,  drainage 

ditches,  along  high  points,  or  steep  embankments. 


TEST 


^  c.      Select  a  place  where  backing  up  will  not  be  required  if  possible. 

 d.      Park  against  the  direction  of  traffic,  and  well  along  the  shoulder,  or  in  the 

center  if  working  on  streets  or  highways. 

 e.      It  may  be  necessary  to  park  the  vehicle  out  in  the  roadway  as  to  protect 

the  survey  site,  but  this  should  be  up  to  the  discretion  of  the  flagger 

 f.       Hold  pencils  and  chaining  pins  in  your  hands  when  driving  stakes  so  you 

won't  lose  them. 

 g.      Keep  your  eye  and  mind  on  the  Job  task. 

 h.      Give  crew  members  room  to  work  with  tools, 

 i.       V\feitch  for  underground  power  lines  v^hen  using  level  rod  or  range  poles. 

 j.       When  taping,  watch  for  electric  fences,  passing  vehicles,  and  electric 

cables. 

 _k.      Do  not  allow  other  workers  or  passersby  within  a  5'  radius  during  opera- 
tion of  chainsaws*  brush  saws,  or  other  clearing  equipment. 

 L       Protective  guards  do  not  need  to  be  used  on  eauipment  and  hand  tools 

except  at  the  end  of  the  day. 

.  ^m.      Prior  to  leaving  the  job  site,  a  360^  equ»'^ment  and  tool  check  must  be  per- 
formed and  a  conformation  by  all  crew  r^-^mbers  should  be  niade. 

Label  the  following  types  of  channeling  devices  used  for  traffic  control. 


White 
Orange 


TEST 


C-     j. 


e.  ^     f,    

List  four  techniques  of  proper  placement  of  traffic  control  devices. 

a.  _^  „    _  

b.     _____ 

c.  .     _^  _  ^  

d.     _   

Select  from  the  following  list  the  responsibilities  of  a  flagger  by  placing  an  "X"  in  the 
appropriate  blanks. 

— _a.  Protecting  public,  other  workervS.  and  self 

— _.u.  Inspecting  survey  site 

.  c.  Stopping  and  slowing  traffic 

 d  Releasing  traffic  vyhen  it  is  safe  to  proceed 


TEST 


 e.      ^tting  up  survey  equipment 

 f.       Surveying  site 

 g.      Alerting  drivers  to  traffic  conditions 

 _„h.      Promoting  good  public  nelations 

Complete  the  following  statements  concerning  safety  rules  for  flaggers  on  a  survey 
crew  by  circling  the  correct  words. 

a.  \Atear  orange  or  reflective  (pants,  vest)  and  hard  hat  if  required. 

b.  Stand  where  you  can  be  seen  by  oncoming  traffic  tor  (1(M),  5(W)  feet. 

c.  Stand  (100-200,  500-600)  feet  from  work  area. 

d.  Stand  (in  safe  |K>sKIoii  on  shouider,  in  path  of  approaching  vehicles). 

e.  Stand  (full  front,  sideways,  full  back)  to  traffic, 

f.  Use  either  a  STOP^LOW  paddle  or  a  ?4  inch  square  (red.  white)  flag  for  daylight 
flagging, 

g.  Always  stand  (alone,  with  worters). 

h.  Remain  at  your  station  until  work  has  been  (started,  completed). 

i.  Remove  all  traffic  control  signs  (whar  viotk  has  emM,  one  day  latei). 

Distinguish  tetween  the  following  types  of  communication  used  by  a  survey  crew  by 
placing  the  following  letters  next  to  the  correct  descriptions:  **V"  for  verba!  communica- 
tion, "H"  for  hand  signals,  and  "R**  for  radio  communication. 

a>  Are  commonly  !ised  in  the  field  for  nonverbal  communication 

 b.  Use  call  letters  or  registration  number 

 c.  Are  used  to  clarify  the  job  task  prior  to  the  actual  surveying  operation 

 d.  Follow  F.A.A.  rules  and  regulations 

 e.  Should  be  made  with  slow  and  definite  motions 
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TEST 

11.  Identify  the  following  common  hand  signals  usod  whiU^  .survos  mq  So!ct:t  your  answers 
from  the  following  list:  1.  2.  3.  4, 5.  6.  7.  8.  9.  10.  oh.  can't  sro  cr  no:  Unnliui  pomi  pick  up 
or  movn  instrument,  and  plumt)  the  rod  or  strnightff) 
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Identity  the  following  commonly  found  sper^es  of  poisonous  plants  that  can  be 
encountered  while  surveyiny. 


a. 


1)  Grows  as  a  woody  shrut)  or  sni^dl 
tree  from  5  to  25  feel  tall 

2)  Grows  in  most  of  ^MSterr^  tl"nfd  of 
United  States 
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t  ;ri-,rtu>ii  ptHsiinous  plants. 


:;u4  i  .^iv'c  fij:J  ;  r  ,v  f  ;uf#-s  for  care  of  poisonous  plant 
f:.--t  •■.e(}ti^nrf  r?i?f^i(.K;r li  b)  m  the  appropriate  blanks, 

^\?)  a<ivi£.e  if  reaction  is  sovon\ 
;iJ:rjing  aicohoi 
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15,     List  SIX  poisonou^  int^e<:ts  ,'Ui(1  spuiers  Uajn*!  ysb^U'  stirvcvmn 
a   


f,        ....        ,  ,  

1G,     Discuss  the  basu:  fjrs!  aul  pnH:*^^1iues  ^M  the  kMiow^nu  potsunous  insect  biU?s, 
a.       Fen  niiiior  b?tos  -       ^   „ 


b.       for  \\ik  tMtr:. 


c.       Fi>r  severe  rr'at^titn^N  to  ip^-ntu  t»!!Pf 


17.     List  four  typi  b  of  conununK-  found  pOiSufK,)US  i>n<tk^'S  and  the  otfocts  of  each. 


b 


c 
d. 
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18     Describe  the  standard  first  aid  procedures  for  snake  bites. 


19,     Match  the  type  -  .f  injury  on  the  right  with  the  correct  first-aid  procedure. 

 „_a  1) 


Move  victim  indoors  as  soon  as  possi- 
ble. 

2)  Give  plenty  of  warm  liquids  to  drinit 

3)  Quickly  rewarm  affected  areas  by 
immersing  them  in  warm  water  heated 
to  KM^F  for  2030  minutes. 

4)  Do  not  rub  the  affected  parts 

.h       1)     Lay  victim  down  with  head  lower  than 
fc>ody 

2)  Prefenbiy  relocate  victim  to  a  shaded 
area 

3)  Give-  victim  salt  water 
A]     Call  phy  iician 

X       1)     Cool  the  t>ody  with  water  or  other  cool 
applications 

2)  If  conscious,  give  victim  salt  water 

3)  Call  >hysician 

Ai,      1)     Apply  warm  coverings  to  retain  body 
hf  ti. 

2)  Keep  victim  lying  down. 

3)  Elevate  the  victim's  legs  if  there  are  no 
broken  t)ones, 

4)  If  unconscious,  t>e  sure  air  passage  Is 
kept  clear. 

5)  If  conscious,  give  victim  lots  of  liquids. 

e.      1)     Do  not  try  to  "set"  or  relocate  the 
injured  limb. 

2)  Immobilize  the  injured  area  by  using 
splints  or  padding. 

3)  Generally  one  should  splint  both  the 
joint  above  and  below  the  injury. 

4)  Consult  a  physician  as  soon  as  possi- 
ble. 


1.  Wounds  and  hemor- 
rhage 

2.  Shock 

3.  Heat  stroke 

4.  Heat  exhaustion 

5.  Hypothermia 

6.  Frostbite 

7.  Fractures,  disloca- 
tions, and  sprains 
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...  „..„f.       1)     Apply  direct  pressure  to  the  wound. 

2)  Immediately  apply  a  stcrHe  dressing  to 
the  wound. 

3)  Cover  with  a  clean,  bu^Ky  cloth  and 
apply  pressure  for  10  to  ':5  minutes 

4)  If  bleeding  cannot  be  stopped  a  tour- 
niquet may  be  applied  but  only  as  a 
last  resort. 

 1)     Remove  any  wet  clothing  and  replace 

with  dry,  warm  clothes. 

2)  Keep  victim  warm  with  sleeping  bags, 
coats,  or  blankets, 

3)  Place  victim  inside  vehicle  or  a  warm 
shelter. 

4)  Replace  body  fluids  with  warm  drinks. 

(NOTE:  If  the  following  activities  have  not  been  accomplished  prior  to  the  test,  ask  your 
instructor  when  they  should  be  completed.) 

20.     Compile  a  survey  of  winter  clothing  needb.  (Assignment  Sheet  #1) 

21     Construct  a  diagram  of  appropriate  traffic  control  for  a  two  lane  roadway.  (Assignment 
Sheet  #2) 

22.     Distinguish  between  correct  and  incorrect  procedures  for  flaggers.  /Assignment  Sheet 
#3) 

23      Demonstrate  the  ability  to: 

a.  Control  traffic  with  a  flag.  0ob  Sheet  #1) 

b.  Place  emergency  parking  devices.  (Job  Sheet  #2i 
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ANSWERS  TO  TEST 


D. 


0. 

b. 
c. 


5 

10 

9 

4 

2 


j- 


f. 

h 
i. 


1 
6 
8 
3 
7 


a.d.e 


Any  three  of  the  following. 

a.  Wear  close-fitting  clothes  that  are  appropriate  fo?  the  activities  being  performed. 

b.  Wear  safety  glasses,  hard  hats,  traffic  vests,  etc.  in  areas  where  required. 

c.  Remove  rings  and  other  jewelry  vi/hen  vvorking. 

d.  Be  alert  and  conduct  yourself  in  a  manner  that  v^ill  ensure  safe  practices. 

e.  Know  locations  of  first-aid  equipment  and  fire  extinguishers. 

a.  C 

b.  C 

c.  W 

d.  W  (or  CW) 

e.  C 

f.  W 

g.  C 

b,c,a.h,j.nn 

a.  Drum 

b.  Cones 

c.  Survey  crew  flagger  Vi?ith  sign  paddle 

d.  Type  1  barricade 

e.  Survey  crew  flagger  with  flag 
t.  Type  II  barricades 

Any  four  of  the  following: 

a.  Place  all  devices  before  survey  operations  begin. 

b.  Place  signs  and  bamcades  in  areas  free  from  visual  obstructions. 

c.  Place  where  they  will  convey  messages  most  effectively  according  to  highway 
design,  alignment,  and  speed. 

d.  Place  at  a  distance  that  allows  driver  adequate  time  to  respond. 

e.  Place  on  right  side  of  street  or  roadway 

f.  Place  in  traffic  lane  when  appropriate. 

g.  Place  advance  warnings  signs  approximately  1.500  feet  tn  advance  woik  area  at 
5(X)  ft  interval  where  open  highway  conditions  prevail. 


a.c.d.g.h 
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ANSWERS  TO  TEST 


.1  VcT.t 

't.  In  ^iiti-  poniiu)!]  Of!  HhiHJkicr 
i.  Mrtf 

C'on:p!ete(i 

VvDiTi  Ao.'K  hap  fHiitni 

1(V 

h  H 
r..  V 
;t.  R 
H 


11      J  <j 

Plumb  thr  boh  ur  l■.^^•i!qht^^ 

(1.  Tufninn  point 

f  10 

f  f> 

fj  OK 

h.  4 

I  Can't  se<*  or  no 

K. 

1.  7 

Ml.  i 

n.  8 

I.'  P/(,k  up  Of  move  inntrurTi^.-nt 


b  Ci,>riiriion  jK»son  ivy 
r.       Weslf?rfi  poison  oaK 


13      Any  thrfc  of  the  fullowifiq. 

t).  Fever 
c.  Itching 

V  Past) 


.1  4 


ANSWERS  TO  TEST 


Any  six  of  thp  following. 


a. 

Ant^ 

D. 

Beet> 

c. 

Wasps 

d. 

Hornets 

e. 

Yollow  jackets 

f. 

Fleas 

g 

Mosouitoos 

h. 

Gnats 

i. 

Chiggers 

J. 

Ticks 

k. 

Spiders 

1)     Black  widow 

2)     Bfown  'ocluso 

Discussions  stiould  include: 

a.  For  minor  bites  —  Use  cold  applicalions,  soothinp  lotions  siK  h  is  caia'iiine. 
and  avoid  scratching  the  iniected  urea 

b.  For  tick  bites 

1)  Cover  the  tick  with  a  heavy  oil  (mineral,  salad,  or  mact-*.*)  to  c!ose  its 
breathing  pores. 

2)  If  the  tick  doesn't  disengage,  allow  oil  to  rcniain  for  up  to  V.^  hour,  then 
carefully  remove  tick  with  tweezers,  taking  care  to  remove  all  parts. 

3)  With  soap  and  water  thoroughly  but  gently  scrub  the  area  from  which  the 
tick  was  removed 

c.  For  severe  reactions  to  inssct  bites 

1)  Seek  medical  attention  immcxliatcly 

2)  Give  artificial  respiration  if  required 

3)  Apply  a  conslrlctive  band  above  the  injection  site  on  victim's  arn\  or  teq. 
Do  not  apply  tightiv  and  remove  aftor  30  minutes. 

4)  Keep  affected  part  down.  f>e!ow  the  levc!  of  the  victim's  heart. 

5)  Apply  ice  contained  in  towel  or  plastic  bag. 

6)  Give  aspirin  for  pain. 

7)  tn  case  of  bee  sting,  remove  and  discard  the  stinqinq  apparatus  and 
venom  sac. 

a.  Rattlesnakes  —  Venom  affects  the  circulatory  system 

b.  Copperheads  —  Venom  affects  the  circulatory  system 

c.  Water  moccasins     Venom  affects  the  circulatory  system 

d.  Coral  snakes     Venom  affects  the  nervous  system  and  is  very  toxic 

Description  should  include: 

a.  Keep  the  victim  from  moving  around. 

b.  Keep  the  victim  in  a  lying  position  and  as  calm  as  posstbtc. 

c.  Immobilize  the  bitten  extremity  and  keep  it  at  cr  below  heart  levul 

d.  Apply  a  constricting  ba'id  2  to  4  inches  above  the  bite.  This  should  be  snur]  but 
not  tight.  It  should  be  used  to  slow  the  blood  circulation. 

e.  It  severe  symptoms  develop,  make  an  ir^cision  and  apply  stiction  immedialHly 
with  iTiechanical  device  available  in  snake  bit  kit. 

f.  Try  to  identify  the  species  of  snake.  If  you  can  kill  it  without  risk  or  doiay.  brirui  it 
to  hospital  for  identification  using  great  care  in  handlinc]. 
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19.     a.  6 

b.  4 

c.  3 

d.  2 

e.  7 

f.  1 
fl.  5 

20.-22.     Evaluated  to  the  satisfaction  of  the  instructor 

23.     Performance  skills  evaluated  to  tho  satisfaction  of  the  instructor 
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HORIZONTAL  MEASUREMENTS 

UNIT  III 


UNIT  OBJECTIVE 

After  completion  of  this  unit,  the  student  should  be  able  to  list  methods  of  making  horizontal 
measurements,  rosognize  the  various  types  of  surveying  tapes  and  taping  accessories,  dem- 
onstrate the  basic  procedure  for  taping  horizontal  measurements,  perform  accurate  taping 
skills  utilizing  various  taping  accessories,  and  Identify  and  solve  common  types  of  taping 
enors.  Competencies  will  be  demonstrated  by  correctly  performing  the  prcKjedures  outHnwJ  In 
the  assignment  and  job  sheets  and  by  scoring  ^  percent  on  the  unit  test. 

SPECIFIC  OBJECTIVES 

After  completion  of  this  unit,  the  student  should  be  able  to: 

1.  Match  terms  related  to  horizontal  measurements  with  the  correct  definitions. 

2.  State  equivalencies  for  various  surveying  measurements. 

3.  List  types  of  equipment  used  in  the  past  to  make  horizontal  measurements. 

4.  Match  '  orizontal  measurements  with  their  correct  uses. 

5.  Distinguish  between  the  methods  of  measi  ring  distances. 

6.  Complete  statements  concerning  types  of  tapes  or  chains, 

7.  Identify  types  of  tape  readouts. 

8.  Match  taping  accessories  with  their  correct  uses, 

9.  Complete  statements  concerning  the  care  and  storage  of  taping  equipment, 
10.  State  the  purpose  of  taping. 
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11.  Arrange  in  order  the  steps  used  in  taping  on  level  ground. 

12.  Select  true  statements  concerning  the  procedure  for  taping  on  uneven  or  sloping 
ground. 

13.  Distinguish  between  accuracy  and  precision  related  to  surveying  technology. 

14.  Calculate  an  accuracy  ratio  in  relation  to  the  amount  of  error  v^^lthin  a  sunrey  prob- 
lem. 

15.  List  three  examples  of  each  common  type  of  error  that  may  occur  while  surveying. 

16.  Match  taping  corrections  vk^ith  the  correct  formulas. 

17.  Complete  statements  concerning  recent  advancements  in  horizontal  measuring, 

18.  Distinguish  t>etween  the  responsibilities  of  each  suwey  crew  member  when  mak- 
ing horizontal  measurements. 

19.  Compute  h jnzontal  conversions.  (Assfynment  Sheet  #1) 

20.  Calculate  taping  corrections  for  slope  errors.  (Assignment  Sheet  #2) 

21.  Calculate  taping  conations  for  erroneous  tape  lengths.  (Assignment  Sheet  #3) 

22.  Calculate  taping  corrections  for  temperature.  (Assignment  Sheet  #4) 

23.  Calculate  taping  corrections  for  all  typos  of  taping  errors.  (Assignment  Sheet  #5) 

24.  Demonstrate  the  ability  to: 

a.  Determine  average  length  of  pace.  (Job  Sheet  #1) 

b.  treasure  and  lay  out  horizontal  distances  with  a  steel  tape.  (Job  She  >t  #^ 
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HORIZONTAL  MEASUREMENTS 
UNIT  III 


SUGGESTED  ACTIVITIES 

Obtain  additional  materials  and/or  invite  resource  people  to  class  to  supple^THMvi  rMin 
force  information  provided  in  this  unit  of  instruction. 

(NOTE:  This  activity  should  be  completed  prior  to  the  teaching  of  this  unit ) 

Make  transparencies  from  the  transparency  masters  included  with  this  unit 

Provide  students  with  objective  sheet. 

Discuss  unit  and  specific  objectives. 

Provide  students  with  information  and  assignment  sheets. 

Discuss  inforniat  on  and  assignment  sheet  ^r. 

(NOTE:  Use  the  transparencies  to  enhance  the  information  as  needed.) 
Provide  students  with  job  sheets. 

Discuss  and  demonstrate  the  procedures  outlined  in  the  job  sheets. 
Integrate  the  following  activities  throughout  the  teaching  of  this  unit: 

1 ,  Try  to  obtain  any  older  surveying  equipment  that  is  available  to  exhibit  to  thf;  sttr- 
dents  during  instruction. 

2.  Demonstrate  some  technical  advancements  that  have  become  available  to  \hv 
surveying  industry. 

Example:    EDM's,  digital  theodolites,  etc. 

3,  Demonstrate  the  procedure  of  "throwing  a  chain'*  to  the  students  ^  i  ^  t 
practice  the  technique  on  an  old  chain. 

4.  Have  the  students  calibrate  some  tapes  and  determine  their  iictfn*^      itir.  >,-^ 
retain  a  list  for  future  reference. 

5,  Have  each  of  the  students  frequently  reestablish  their  pac?nci  inrreiTie?'  t  -lUii  rr^ii- 
tinually  update  them. 

6.  Meat  individually  with  students  to  evaluate  their  prour^.r.5;  trircHKir)  thfs  urnt 
instruction,  and  indicate  to  them  possible  areas  k  t  .''jprovement. 

Give  test. 

Evaluate  test. 

Reteach  if  necei^sary. 


INSTRUCTIONAL  MATERIALS  INCLUDED  IN  THIS  UNIT 


A.  Objective  sheet 
3.      Inlormation  sheet 

C.  Transparency  masters 

1.  TM  1  ~  Styles  of  Tape  Read  outs 

2.  TM  2  —  Taping  Accessories 

3.  TM  3  ~  Principles  of  EDM 

D.  Assignment  sheets 

1.  Assignment  Sheet  #1  —  Compute  Horizontal  Conversions 

2.  Assignment  Sheet  #2  —  Calculate  Taping  Corrections  for  Slope  Errors 

3.  Assignment  Sheet  #3  —  Calculate  Taping  Corrections  for  Erroneous  Tape  Lengths 

4.  Assignment  Sheet  #4  —  Calculate  Taping  Corrections  for  Temperature 

5.  Assignment  Sheet  #5  —  Calculate  Taping  Corrections  for  All  Types  of  Taping 
Errors 

E.  Answers  to  assignment  sheets 
R      Job  sheets 

1.  Job  Sheet  ^1  ■-  Determine  Average  Length  of  Pace 

2.  Job  Sheet  #2   -  Measure  and  Lay  Out  Horizontal  Distances  With  a  Steel  Tape 

G,  Test 

H.  Answeri:  to  test 

REFERENCES  USED  IN  WRITING  THIS  UNIT 

A       Kavanogh,  Barry  and  S.J.  Glenn  Bird.  Surveying:  Principles  and  Applications.  Reston. 
VA;  Reston  Publishing  Co.,  Inc..  1984. 

B.  Brinker.  R.C.  and  P.  R.  Wolf.  Elementary  Sun/eying,  7th  cd.  New  York:  Harper  &  Row. 
1984, 

SUGGESTED  SUPPLEMENTAL  MATERIAL 

Texts... 

A.      Davis,  R,  E.,  F.  S.  Footc,  and  J.  H.  Kelly.  Su^^eying,  5th  ed.  New  York'.  McGrav^^-Hili  Book 
Company.  1966. 

n.      Kissam.  P.  Surveying  for  Civil  Engineers.  Now  York:  McGrav,/-HiH,  1976. 
Filmstfip. . . 

(Measuring  Horizontal  Distances.)  "Sun/cying".  Prcntioe-Hatl  Media 
150  v'Vhite  Plains  Road.  Tarrytown,  NY  10591 
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INFORMATION  SHEET 


Terms  and  ctofinitkms 

A.  Baseline  —  A  surveyed  line,  normally  straight,  with  measured  increments 
called  stations;  often  used  for  control  work  on  engint^ering  projects  and  as 
a  methtxl  of  collecting  existing  ground  featunas 

B.  Blunder  —  A  mistake  due  to  human  error  that  can  be  discovered  unless 
negligible 

Example:   Transposing  figures  while  recording 

C.  Circumference  —  The  calculated  or  measured  distance  around  a  circular 
object 

D.  Field  book  —  The  common  term  for  the  collection  base  of  all  field  data; 
usually  either  a  t>ound  booklet  or  a  loose-leaf  binder-type  book. 

(NOTE:  Various  styles  and  sheet  types  will  be  discussed  later  in  the  text.) 

L  Parameter  —  A  set  of  physical  properties  whose  values  determine  the  char- 
acteristics of  a  system 

R  Point  —  A  common  surveying  abbreviation  which  represents  an  accurate 
position  of  a  surveyed  station 

G.  Reconnaissance  •—  A  normal  preliminary  stage  of  a  project  used  to  evalu- 
ate approaches  to  sun/eying  projects,  collect  preliminary  data,  and  familiar- 
ize oneself  with  the  site 

H.  Recorded  —  A  surveying  term  used  to  signify  writing  down  or  transcribing 
field  data  into  a  field  book 

I  Theodolite  —  A  surveying  device  developed  after  the  transit  for  both  verti- 
cal and  horizontal  angular  measurements;  normally  has  greater  precision 
than  standard  transits 

J,  Tripod  —  A  piece  of  surveying  equipment,  normally  three-legged,  of  wood 
or  aluminum  on  which  the  surveying  instruments  can  be  mounted 
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il.     Measurements  and  equivalencies 


Linear  Measurements 


Snalish  Units 


1  mile  =r 


1  acre 


5280  feet 
1/60  yards 
320  rods 
80  chains 
43560  ft- 
10  squaro 
chains 


1  foot  - 
1  yard  ^ 
1  rod  =^ 
1  chain  = 
1  chain  - 


12 
3 

66 
100 


inches 

feet 

feet 

feet 

iinks 


Linear  Mei^^surenient 

\  kilomotei 

1  fnoter 

1  centimeter 

1  decimeter 

1  hectaro  (ha) 

1  r.quaro  kilonintt/r 


Metric  (SI)  Units 


10CK)  meters 
100  centimeters 
10  millimeters 
10  centimeters 

laooo  m- 

lOOO.OOO  m- 

1O0  hectares 


English  to  Metric  Conversion 


1  ft  ^  0,3048  m  (pxactly) 

1  km  ^  0  C2137  miles 

1  hectare  (ha)  =^  2.471  acres 

1  km-  -  247 J  acres 


1  inch  25,4  mm  (exactly) 
1  meter  ^  3  280B33  ft, 

{ASCM  Standard  Metric 

Conversion) 


III 


(NOTE.  Prior  to  1959,  the  United  States  used  thf  leiationship  1  39.37  in.  This 
resulted  ui  a  U.S.  survey  foot  of  .3048006  rn,) 


Common  types  of  equipment  used  in  the  past 


A.      Rod  or  poie      Early  surveyors  i^truggled  with  braced  timbers,  wood  and 
metal  poles.  These  devices  resulted  in  the  term  **poie"  as  a  unit  of  measure- 

meni.  its  iongth  was  16     ft,  the  same  as  a  "rod." 
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B.  Gunter's  chain  --  Was  in  popular  use  during  the  time  of  the  settlement  of 
North  America.  It  was  65  ft  long  (4  rods)  and  had  100  links,  each  link  equal 
to  0.66  ft  or  7.92  inches.  The  links  wens  made  cf  heavy  wire,  had  a  loop  at 
each  end.  and  were  joined  by  3  rings.  (See  Figure  1  below.)  The  length  of  66 
ft  was  chosen  because  of  its  relationship  to  other  English  units  of  measure. 

(NOTE:  Measurements  made  for  the  Bureau  of  Land  Management  <BLM) 
must  be  recorded  in  gunter's  chain.  Measurements  can  be  taken  by  conven- 
tional methods  ffe  -^t  or  meters),  but  they  must  be  converted  when  recorded.) 

FIGURE  1 


Gunter^  Chain 


C  Engineer's  chain  —  This  had  the  same  basic  construction  as  a  gunter's 
chain  but  was  ICK)  ft  long  with  links  every  1  foot,  therefore  1CK)  links.  Chains 
are  seldom  used  today,  although  steel  tapes  graduated  like  the  "gunter^" 
or  "engineer's"  chain  are  manufactured  and  are  commonly  used  in  modern 
surveying  methods.  The  term  "chaining"  continues  to  t>e  used  interchange- 
ably with  "taping,"  even  though  tapes  are  employed  exclusively. 

D.  Wires  —  Before  the  thin,  flat  steel  tapes  now  being  used  could  be  manufac- 
tured, wires  were  utilized  for  measuring  lengths.  They  still  are  practical  in 
special  applications  such  as  in  hydrographic  sunreys. 

Horizontai  measurements  and  their  uses 

A,  Horizontal  ties  -  Used  to  relocate  points  set  from  existing  features  that 
can  be  readily  found  later 
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B.  Linear  stationing  —  Used  to  provide  a  niethod  of  control  aking  a  base  ine 
for  construction  purpost^^ 

C.  Traversing  —  Used  to  measure  the  distance  between  control  points  along 
with  the  angular  measurements 

D.  Trilateration     Used  to  establish  a  series  of  control  points  and  their  posi^ 
tionf  by  horizontal  distances  only 

E.  Triangulation  —  Used  to  establish  an  accurate  baseline  irom  which  angles 
are  measured  to  numerous  points 

R       Construction      Used  to  establish  proposed  location  of  u\\  engineering 
works 

G.      Topographical  —  Used  to  estat)lish  location  of  all  existing  features  within  a 
survey  limit 

Methods  of  measuring  distances 

A.  Pacing 

1.  Consists  of  counting  the  number  of  steps  in  a  required  distance* 
Best  done  by  walking  with  natural  steps  a  measured  distance,  at 
least  feet  long,  and  dividing  the  known  distance  into  the  numter 
of  steps  taken,  therefore  determining  an  average  length  of  each  step 
or  "pace'' 

2.  Particularly  useful  when  looking  for  survey  markers,  marking  rough 
measurements,  detecting  blunders,  and  checking  measurements  on 
construction  layouts 

3.  Pacing  can  be  performed,  with  practice,  to  an  accuracy  of  1/1(X),  but 
one  must  remember  that  the  length  of  a  pace  v^ill  vary  when  going 
uphill  or  downhill,  and  various  types  of  ground  cover  can  have  an 
effect  in  the  overall  accuracy  of  the  measureu  distance. 

B.  Odometer 

1.  Consists  of  the  number  of  revolutions  of  a  wheel  of  known  circumfer- 
ence converted  to  a  linear  distance 

2.  Useful  to  collect  preliminary  data  when  beginning  a  survey,  to  serve 
as  a  rough  check  of  measurements  made  by  other  methods,  and  to 
aid  in  differentiating  tunccHnes  for  determining  property  ownerships 

3.  Odometer  readings  have  an  accuracy  of  approximately  1/2SX),  but  one 
should  note  that  using  an  odorneter  gives  surface  measurements 
and  should  be  corrected  if  severe  ground  slopes  occur. 
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1.  EDM  ^rj^tnnTiiT^.!,/'  -  jnrt^.^?^  t; ,  j'"";1;n(;  i^qhtwuve  or  microw^:^vr  sig- 
nal aknu;       ^vith  !o      r-!*'.',>..fML        n»t:a.sunnp  the  time  invoived 

{NU*!^  lyjM-;        ^         ;  r;r';-r:5'r  \"vjKr(t  vv»M  be  UiSCUSSCd  later  in 

2.  Vf^ry  usi-?ii!  sLhvw  l^H\^;,^t^\\\[\  iJi^tances,  bodies  ot  water, 

3.  This  nicihvvj  \  fnt\;Mif»'nu'v^  r^uir^iv  3\ cu/ale  if  proper  operating 
prc)(:fMiufi:s  v  r?»i  /t:ri  -Vi-  k  vfner^tt.  in  tins  technology  have  rap- 
Kl!y  mcn,sif^*M:  t^'f'  . T  '.s--^^  V.  "in;,?  r.u'.^u  \.\  thi«;  type  of  equipment, 

TachfH^mr'try 

1      Invoive*^  th^'  ^o^^^^r;:>r^•:::^J'll       ft         :^^f>tance  parameter  either  by 
meanr. a  *r<r^j  ,?rw:i.- ^:^t?^'<  ^/pt  ,i;>^!rT^p!^     j^tatita)  or  by  means  of  a 
^p.^Ik        iJx^Ai  f^s^^  ,f^>,^fT!pie     i^ubtense  bar) 

7,     Stadi^^     a  fc^^^     tt  .  h'\''ns^nrv  thjt  ut-l^ze?^  a  telescope  cross-hair 

<N0TE::  ThK-      MN;.u;e  .v, :      Jisr^.s.eti  lurthcf  in  Unit  Vlli,  "Topo- 

graphic:  Sufvw^n:: 

A  f.;it>t«/nsf-  b;jf  j  hn?  A^lh  2  targets  f)efd  fn  place  with 

"jnvar'  vvff^-'V.  o.^-iv  .'  CK^O  rneti  f it  ^r,  then  rr)ounted  on  a  tripod 
over  Pt.  0  (scf  r  ^ A  t^^lc^Mr  :s  *jet  uj.:  over  R.  A.  The  horizon- 
tal k\r\K\\e  bt»tvvr^^h  tar^^^i  ir,  thor^  <'\vo\Mirvxi  and  a  distance  from  Pt.  A 
10  B  c.iM  imm^  tv  rofr^:»ui,K-i  ^^^  c^->!a!v:e^•:■  tip  in  500'  050  m.).  When 
u^inci  a  :^rr  ,-t,M  Ofv  *  'btr<r*s.;-.?r'.  ..,.;t,  uracY  of  1/3000  can  be 
ul'tnint     (,:(^'.;.\^r.ib?«:        -■'v:^;!::■r^.:!  V  Mr:M::nq  ^-^lethods.  (Figure  2) 
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E       Optica)  range  finders 


1.  These  instruments  operate  on  the  same  principles  as  range  finders 
on  a  single-lens  camera.  Basically,  when  focused,  they  soive  for 
object  distance.  The  operator  views  the  object,  focuses  the  Imjige. 
and  a  distance  reading  can  be  obtained. 

2.  Particularly  useful  in  reconnaissance,  sketching,  or  checking  a  more 
accurate  measurernent  for  mistakes 

3.  These  instruments  are  normally  capable  of  accuracies  of  1/50  at  dis- 
tance:: up  to  200  ft  with  accuracy  diminishing  as  di.«-tance  increases. 

Types  of  tapes  or  chains 

A.  Available  in  many  lengths,  marked  in  either  English  or  metric  units  and  dif- 
ferent unit  weights 

B.  Common  lengths  are  100. 200.  and  300  foot  tapes  with  100  ft  being  the  most 
commonly  used 

C.  Steel  tapes  or  chains  come  in  two  prevalent  cross  sections: 

1 .  Heavy  duty     8  mm.  x  0.45  mm.  (^Vio"  x  0.018*^  —  Used  in  route  sur- 
veying  (e.g.  highways,  railways) 

2.  Lightweight  ~  6  mm.  x  0.30  mm.  (V4''  x  0.012'^  —  Used  in  most  sur- 
veying of)erations  (e.g.  structural,  municipal) 

(NOTE:  Invar  tapes  are  composed  of  36%  nickel  and  65%  steel 
which  has  a  very  low  coefficient  of  expansion,  making  it  very  useful 
in  precise  work.) 


Types  of  tape  readouts  (Transparency  1) 

A.  Fully  graduated  ~  Marked  throughout  the  entire  length  in  either  feet  and 
hundreds  of  a  foot  or  meters  and  millimeters 

B.  Cut  tape  ~  Marked  throughout  the  total  length  in  feet  or  meters,  with  the 
first  and  possibly  last  foot  (or  meter)  graduated  in  tenths  and  hundredths  of 
a  foot  (or  millimetcs).  A  measurement  is  made  by  one  chain  person  holding 
an  even  foot  over  the  first  mark  or  point  and  the  «;ther  chain  person  reading 
the  distance  on  the  first  foot  graduated  in  hundredths,  being  held  over  the 
second  point,  then  subtracting  the  reading  over  point  #2  from  the  even  foot 
mark  chain  person  #1  was  holding. 
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C.  Add  tape  —  Marked  throughout  in  ?eet  or  meters  with  th(?  last  foot  or  meter 
being  graduated  to  tenths  and  hundredths  or  cm.  and  mm.  An  additional 
graduated  foot  (meter)  is  included  prior  to  the  zero  mark  on  the  tape.  A  mea- 
surement is  made  by  holding  an  even  toot  mark  at  one  point  and  reading 
the  graduated  measurement  at  the  second  point,  then  adding  the  latter 
measurement  to  the  even  toot  mark  read  at  the  first  point. 


Taping  accessories  (Transparency  2) 

A.  Plumb  bobr  —  Normally  made  of  solid  brass  with  a  weight  of  8  oz.  to  18  oz. 
used  in  taping  to  transfer  from  tape  to  ground  (and  vice  versa)  when  above 
ground  (e.g.  heavy  ground  cover)  and  to  maintain  horizontal  alignment 
when  measuring  distances  (e.g.  hilly  or  sloping  grades  and  rough  terrain). 
(Figure  3) 


FIGURE  3 


Tape 


Siting 


Piumb  Bob 

^-4 


B.  Hand  levels  —  Used  to  keep  tape  ends  at  same  elevation  while  taping 
along  uneven  terrain 

C.  Tension  handles  —  Used  in  precise  work  to  ensure  proper  tension  is  being 
applied  to  the  tape  when  measuring  a  distance  between  two  points 

D.  Clamp  handles  —  Aid  in  gripping  the  tape  at  any  intermediate  point  without 
bending  or  damaging  the  tape  and  in  eliminatinQ  any  injury  to  hands  while 
measuring 

E.  Chaining  pins  —  Used  to  mark  out  tape  lengths  or  intermediate  distances 
while  measuring  a  longer  distance:  sometimes  referred  to  as  surveyor's 
arrows,  tally  pins,  or  taping  pins 

(NOTE:  Chaining  pins  are  usually  painted  alternately  red  and  white,  14  to18 
inches  long,  and  sharpened  to  a  point  at  one  end  with  a  loop  at  the  other. 
Sets  of  11  pins  and  a  steel  ring  are  standard.) 

F.  Pocket  thermometers  —  Used  to  determine  the  temperature  of  the  tape 
while  being  used  so  the  surveyor  can  make  corrections  for  expansion  or 
contraction  of  the  tape  to  calculate  the  "actuar*  distance  between  the 
points  measured 
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H:v.h:v  poi<*v>  -  Used  to  mark  alignment  while  j^^ightuig  a  point;  U^"  ^ca}\y 
ff^vio  in  4  ti  Mictions  of  \?.<)otl  sstPol,  or  aluminum  with  throadec;  ends  wfiich 
.  an  l;o  connecteri  toc^ether  if  needed,  and  painted  red  and  white  alternately. 
ui'Uoliv  »3t  I  f(M>t  intervals 

T;;p<^  n*pair  Kits  Available  so  that  broken  tapes  can  be  put  back  in  service, 
iifrAi  rarr  '.should  bo  taken  to  ensure  that  the  repaid  is  precisely  accom^ 
plishecj  and  the  integrity  of  the  tape  Is  maintained. 

Wovef)  tapes  -  Used  for  measuring  ties  to  survey  points,  cross  sections. 
;ind  rough  rneasurenients  or  "checks"  of  actual  survey  line  measurements; 
i  ^  nrimuniy  called  cioth  (or  metallic)  tapes 

I  NOTE:  You  should  realize  that  the  accuracy  of  woven  tapes  is  quite  limited 
iUjc.  to  tho  pusr^ibility  of  stretching  the  tape  over  longer  measurements. 
Thi'fofofc,  these  are  not  suitable  for  precise  work,  yet  are  convenient  for 
nuinv  f  ra<:iK:a!  pijrposes.  toven  tapes  should  be  calibrated  or  checked 
With  u  »/,teol  tape  often  to  verify  any  stretching  tfiat  might  occur  witf  use.) 

and  storage  of  taping  equipment 

Whe^n  cc^nsidprini;  the  ';ross  sectional  area  of  a  sun/eyor's  tape  and  its  per 
rni.  tn^SMe  btfost..  a  puli  of  100  lbs.  will  do  no  damage.  However,  if  the  tape  Is 
Kiftkrd  or  looped,  a  pull  of  1  pound  will  usually  break  it.  Therefore,  be  cer- 
!  .i«n  I,  i  ho<:K  for  any  loops  or  kinks  in  the  tape  prior  to  applying  tension. 

Ail  t,'H>MS  should  be  kept  on  their  reel  or  ^'thrown'*  into  a  circular  loop  at  afl 

A\)vn  not  bav  :^  used  by  the  surveyor. 

'•iC^TL  U''tn\  "throwing  chain"  is  a  common  term  kn-^wn  by  any  experi- 
oruy  li  surveyor.  The  procedure  k\  quite  ienglfiy  and  difficult  to  explain  in 
t*;/fb  .A)K  Uvm.  but  should  be  derncvistrated  by  the  instructor  and  practiced 

I  y      ^-ufveyinq  students ) 

U  ti        fjets  wtfl,  vvipe  it  fi  st  with  a  Cry  cloth,  then  an  oiiy  rag,  taking  care 
n  rnove  all  mud  areas  and  inspect  for  -my  deformities  in  the  tape  prior  to 

liroKrn  fHpos  cciH  bc  mended  by  riveting  and/or  appJying  a  sleeve  device, 
tiut  %hould  then  he  recalibrated  ^mr  to  any  precise  field  work. 

i.h.^ininq  pins  shcjuid  be  placer?  back  on  the  steel  ring  after  use  and  a  count 
t/>.rM  lo  dt-ttMmme  that  ai!  eleven  pins  are  retrieved  before  leaving  the  job 

VJiyi)k-  tapuvi  distances.  \Uu  retir  tape  pi*fSon  should  never  hold  on  to  the 
K>r\(A  thfr  tape  whil  :  moviruj  up  the  measured  line.  Only  the  head  tape  per- 
r.uf^  .sh<n)ltJ  be  dragging  the  tape  to  the  next  segment. 


Purposes  of  taping 

B.       To  PStriljh^h  points  in  tbf^  iivht  iM  pM/t-.;,  ,|.':t,*' 

(NOTE:  in  eitht^r  caj^e,  the  procuduff!-  U'  ^>;irav  .lu 
earned  out  with  the  utmobt  cart^  to  tM^turt-  thrU  tJu 
be  ot^tainod  at  aM  timi'S ) 

Procedure  for  taping  an  level  ground 

A.       Lining  in 

(NOTE:  The  Mno  !<•  l?r  motjMireJ  .stiou!<l  vl\^^^?u1ri 
and  a1  mtermtKliviir  pinntv  wh^^n  f;r*^.;:  v  Hor;,^ 
used  for  thij;  purposr  ) 

1 .     The  forward  or  "tieaif'  lapv  prf!?on  f:;!hor 
or  bv  Xho  tear  tap<'  pufii<Hi  iMt^puiuiit^u  cto 

Applying  tcnF.ion 

1.  After  proceodir;^^  with  thv  /a^to  on^i  '^^  t:u> 
the  head  tape  pi^rH^Mi  wal^^  tc*r  thv  fvar  tr^p- 
100  ft  rnd  of  tfu/  tape  ovvr  thf^  fui^t  p^oiu 

i\      Hea(i  lapt:  pcTt;on  thc?n  niiidbaUv  t^i.Uh,.  u- 
not  to  ji?rk  or  piil)  thr  rf^ar  tapf-  prr*.(»rj  .^ut 

fNOTl:  Good  ri^fnnM^Mtt  att^n^  btSvt^?/^^  t^;r  t  a- 
fpr  results  and  \^avc^  ron^^-^df^fah!'^'  t:'?  ^  'n^^ 

C.  Fiiirnbmq 

1      S'mce  accurate  fiifjai^uvenu- M:>  imm  ^^^'!y  ! 
tape  ii>  in  a  horj/gnfai  pv^sd^oft.  plupil^  t^.i^s  ^ 
wet'ds.  hriit^h,  and  when  ^lUrfacr  ',rfcs)u*;H!t!rs 
lay  tapr  alorip  thr  (jroumi 
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2.     Care  should  t)e  taken  to  maintain  required  tension  along  tape  when 
taping  above  grade.  (Figure  4) 

FIGURE  A 

^  Tapt;  Under  Tension 
 ^-  Possible  Sag  Can  Occur 




Marking  tape  lengths 

1.  After  the  tape  has  been  lined  in.  proper  tension  has  been  applied, 
and  the  rear  tape  person  is  over  the  point,  the  rear  tape  person  calls 
out  "stick"  or  "mark"  aloud  to  let  the  head  tape  person  know  he  is 
ready. 

2.  The  head  tape  person  places  the  chaining  pin  exactly  opposite  the 
zero  mark  of  the  tape  and  calls  out  "stuck"  or  "marked"  The  point 
where  the  pin  enters  the  ground  is  checked  repeatedly  until  certainty 
of  its  location  is  assured. 

3.  After  its  location  has  been  checked,  the  head  tape  person  calls  out 
"O.K.",  the  rear  tape  person  drops  his  end  of  the  tape,  and  both  crew 
members  advance  forward  pacing  approximately  100  ft. 

4.  The  head  tape  person  "drags"  the  tape  fonft^ard  until  the  rear  tape 
person  calls  out  "tape"  or  "chain"  notifying  the  head  tape  person 
that  he  has  reached  the  pin  that  was  previously  set. 

5.  The  process  is  then  repeated  until  a  partial  tape  length  is  needed  at 
the  end  of  the  line. 

Reading  the  tape  (procedure  depends  on  style  of  tape  being  used.) 

1.     Fu//y  graduated  tape 

a.      Tha  head  tape  person  always  marks  zero. 
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b.      The  rear  tape  person  holds  the  der.ircd  mca'^uremGn}. 

Example:    Required  measurement:  77.69' 
FIGURE  5 


Rear  tape  person 
is  holding:  77.69' . 


Direction  of  nioasuretnunt  ^ 


Head  tape  person  is 
holding  zero  when 
marking  the  point. 


Add  tape 


a  The  rear  tape  person  should  always  hold  the  desired  even  foot 
mark  required  for  the  measurement. 

b.  The  head  tape  person  always  marks  the  point  on  ground 
where  the  correct  graduation  of  tenths  and  hundredths  is 
found. 

Example:    Required  measurement:  77.69' 
FIGURE  6 


Rear  tape  person  is 
holding;  77.00  foot  mark. 


Direction  of  mfasurement  ^ 


Head  tape  person  holds 
the  rod  at  the  .69 
graduation  when  marking 
the  point. 

■  —  -  '  —i]  


3.    Cut  tape 


(NOTE:  When  a  "cut"  tape  is  being  used,  subtraction  is  necessarv; 
therefore,  error  in  measurement  calculations  can  easily  occur.) 

a.  The  rear  tape  person  holds  the  next  even  1  foot  mark  over  the 
point,  (e.g.  77.69  desired,  he  holds  the  78  foot  mark) 

b.  The  head  tape  person  calculates  the  correct  amount  to  "cut" 
from  the  0  to  1  foot  mark  he  is  holding,  (e.g.  77.69  desired.  1.00 
minus  .69  =  .31.  He  should  be  holding  .31  or  "cut'  0.31  when 
marking  the  desired  distance.) 

Example:    Required  measurement:  77.69' 

FIGURE  7 


Rear  tape  person 
is  holding  78.00'. 


Direction  of  measurement 


Head  tape  person  should 
subtract  .69  from  1  OO  foot 
and  be  holding  .31  when 
marking  the  point. 
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!  i-  u  '.hoe.f'i'  the  tcta!  mea- 
'  ";i  tho  nunibt-r  i>f  fui!  tape 
,  f  i     ;  ,  r  ,    !.itis  n^lli-Hrted  from  the 


,  :..if.  ntMi:       recordt^d  in  the 


.1/^.  '/iSovl  by  careless  recording, 
ivarnod  tw  field  demon- 


XII,      Procedure  for  inplng      mn^wi'     vh^i:f:Uj  qfouMt.i 


A.       tU:Mi  V''.:  ; 


'.'■r    r  '  ^j^ound  are  very 

t  (  >  /u  ;>r«nir  basic  rules  to 


.^'1^i^iv;!»  or  Dy  the  USC  Of  a 


■  MWf)  to  the  ends  ot  the 


/■  uf^^r  t^y  to  use  nvcn  foot 
^Tv  ■  usrr  trn^reby  aiding  in 


:^,M.- '.iuftnu  Ih^s  operation. 
mm;,  nt  ^  ^:haine(l  to  bo  sure  of 
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Accuracy  and  pfBclston 


(NOTE:  In  surveying,  the  temis  accuracy  and  precision  can  easily  be  confused  If 
their  meanings  are  not  thoroughly  understood.) 

A.      Accuracy  —  Denotes  the  absolute  "nearness"  of  the;  measured  value  to  the 
true  value. 


Example:  A  waH  is  measured  with  a  tape  and  found  to  be  89.24'.  The 
actual  wall  was  constructed  at  89.25'.  Consider  thlb  an  "accu- 
rate" measurement. 

B,  Piecision  —  Refers  to  the  degree  of  refinement  used  in  measuring  a  value, 
either  by  the  number  of  times  measured  or  by  the  degree  of  graduation  it 
was  measured  in. 


Example:  The  same  wall  was  measured  3  times  and  the  distances 
recorded:  89.25, 89,24,  and  89.25  which  were  then  averaged  with 
the  result  teing  89.247',  This  is  a  more  '^precise''  measurement 
than  the  previous  one. 

(NOTE:  C  \  good  sun/eys,  precision  and  accuracy  are  consistent  throughout 
all  stages  of  work.) 


Accuracy  ratio 

A.      The  accuracy  of  a  measurement  or  series  of  measurements  is  the  ratio  of 
error  in  the  measurement  to  the  distance  measured. 


B.  Error  of  closure  is  the  difference  between  the  measured  location  and  the 
theoretically  correct  location  of  the  same  point. 

Example:  A  distance  was  measured  and  found  to  be  2^3.56  ft.  The  dis- 
tance was  previously  known  to  he  250,50.  This  is  an  error  of  0,06 
ft  in  250.50  ft. 

0.06      0.06       1  1 
Accuracy  ratio  ^  -r  ^  —         ^  -  ^  rounded 

^  250.50     0.06     4176  42O0 

C.  Used  to  determine  the  order  ol  accuracy  of  the  work  that  was  f^rformed. 

(NOTE:  Orders  of  accuracy  will  be  discussed  in  more  detail  in  Unit  XII,  "Con- 
trol Surveys.") 
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XV.     Types  of  errors 

A.  Systematic  errors  also  known  as  "cumulative  errors"  are  defined  as  errors 
whose  magnitude  and  algebraic  sign  can  be  determined.  The  fact  that 
these  errors  can  be  determined  allows  the  sun/eyor  to  eliminate  them  either 
t>y  calculation  or  adjustment. 

Examples  of  systematic  errors  in  surveying: 

1.  Slope  in  measurement 

2,  Erroneous  tape  length 

3.  Temperature  variations 

4,  Improper  tension 

B.  Random  errors  are  beyond  the  control  of  the  sun/eyor  and  are  associated 
with  the  skill  and  vigilance  of  the  surveyor.  They  follow  the  laws  of  probabil- 
ity and  are  often  called  "accidental  or  compensating  errors." 

Examples  of  random  errors  In  surveying: 

1.  Improper  plumbing 

2.  Faulty  marking 

3.  incorrect  reading  or  Interpolation 

4.  Misalignment 

C.  Mistakes  or  blunders  —  Consist  of  errors  or  mistakes  made  by  survey  per- 
sonnel. Mistakes  will  occur  but  should  be  discovered  and  eliminated. 

Examples  of  common  mistakes  made  by  personnel: 

1.  Transposing  figures  (e.g.  writing  68  instead  of  86) 

2.  Miscounting  full  tape  lengths 

3.  Measuring  to  or  from  the  wrong  point 

4.  Arithmetic  mistakes 
XVf.     Taping  -omacttons 

A.      Slope  corrections 

(NOTE:  Survey  distances  can  be  measured  either  horizontally  or  on  a  slope. 
Since  most  survey  distances  are  normally  shown  on  a  plan  view,  any  slope 
distances  must  be  converted  to  their  horizontal  equivalents.) 

1.    To  convert  slope  distances,  either  the  slope  angle  or  the  vertical  dis- 
tance must  be  known: 
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2.     When  slope  angle  is  known 
H  (Horizontal) 


^  ,  =  Cos  O  or  H  =  S  Cos  () 
S  (Slope) 

Where  i)  is  ihv  angle  of  inclination 


  H  


H  =  S  Cos 

=  241.56  Cos  1*'42' 
=  241.454 


3.     When  vertical  distance  is  known. 


H-  =  S-  ■  V-  or  H     vS-  -  V' 

Where  V  is  the  difference  in  elevation. 


H 


V  ^  2.5  ft. 


H     N  (S^  -  V-) 

=  V  315.97-  -2.5^ 
=  315.96 


Erroneous  tape  length  corrections 


(NOTE:  Through  extensive  use,  tapes  do  become  kinked,  stretched,  and 
repaired.  The  length  can  become  something  other  than  that  specified. 
When  this  occurs,  the  tape  must  be  con-ected  or  the  measurements  taken 
with  it  must  be  corrected.) 


1.     The  error  in  the  tape  must  be  known. 
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2.  The  number  of  times  it  was  used  tn  that  measuremGnt  must  he  deter- 
mined. 

3.  The  following  formula  should  be  followed: 


and  L  -  L  +  C/ 

Where;    C/  is  ihe  correction  to  be  applied  to  the  measured  distance. 
/  is  the  actual  tape  length. 
/'  is  the  nominal  tape  length. 
L  is  the  measured  (recorded)  length  of  the  line. 
L  is  the  corrected  or  adjusted  length  of  the  line. 

Example:  A  100  ft  steel  tape  when  connpared  with  a  standard  is 
actually  100.02  ft  long.  What  is  the  corrected  length  of  the 
line  measured  with  this  tape  and  found  to  be  665.75  ft? 


then  L  =  &65.75  +  0.1 !  ^  565.86  ft. 

{NOTE;  This  example  illustrates  that  in  measuring  unknown  dis- 
tances with  a  tape  that  is  too  long,  a  correction  must  be  added.  Con- 
versely, if  the  tape  is  too  short,  the  correction  will  be  minus,  therefore 
resulting  in  a  decrease.  Also  when  a  problem  involves  "laying  out"  or 
"setting"  a  desired  distance,  the  sign  of  the  correction  must  be 
reversed  before  being  applied  to  the  layout  measurement.) 

Temperature  corrections 

(NOTE:  Steel  tapes  are  standardized  for  58''F  {TO^C)  in  the  United  States. 
Therefore  a  temperature  higher  or  lower  than  this  value  wii!  cause  a  change 
in  the  length  of  the  tape  due  to  expansion  or  contraction.  To  eliminate  this 
the  following  computations  must  be  perforrned.) 

1 .  The  coefficient  of  thermal  expansion  and  contraction  of  steel  used  in 
ordinary  tapes  is  0.00000645  per  unit  length  per  degree  Fahrenheit 
(0.00001 1G  pel  unit  length  per  degrc^e  Celsius) 


c,  =  (' :,  '■)  i 
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2.     The  following  formula  should  be  usod: 

Cj  =  a  (T  -  Tg)  L  (general  formula) 
or 

C,  =  0.000{X)645  (T  -  68)  L 

Where:   Cj  is  the  correction  due  to  temperature  in  feet 

T  is  the  temperature  of  the  tape  during  measurement. 
L  is  the  distance  measured  in  feet. 

Example:   A  distance  was  recorded  as  being  471 .37  ft  at  a  tempera- 
ture .jfas^F. 

=  O.OOOOC^  (38  -  68)  471.37 
=  -0.09 

=  471.37  -  0.09  =  471.28  corrected  distance 
(NOTE:  Errors  due  ^v.  temperature  change  can  be  practically  elimi- 
nated by  either  (1)  measuring  temperature  and  making  corrections  as 
shown,  or  by  (2)  using  an  "Invar"  tape  manufactured  from  a  nickel' 
steel  alloy.  Thermal  expansion  of  Invar  tapes  range  from  0.0000002  to 
0.00(XXX)55  making  corrections  to  tapes  nearly  negligible.  (3)  Lovar 
tapes  can  also  be  used  with  coefficients  approximately  Vs  that  of 
steel  tapes.  Invar  and  Lovar  tapes  are  fragile  and  lose  calibration 
more  readily  than  steel  tapes.) 

Tension  and  sag  corrections 

(NOTE:  If  a  tape  is  not  supported  throughout  and/or  a  tension  other  than  10 
lb.  is  applied,  a  correction  may  be  calculated  and  adjustments  applied  as 
follows.) 

1.     The  formula  for  tension  correction  is: 
and  L  =  L  4^  Cp 

Cp  =  Total  elongation  in  tape  due  to  pull,  in  feet. 

-  The  pull  applied  to  the  tape,  in  pounds. 
P  Si  The  standard  puH  for  the  tape,  in  pounds, 
A  s=  The  cross-sectional  area,  in  square  inches. 
E  -  The  modulus  of  elasticity  of  steel,  In  lbs.  per  sq.  inch. 
L  -  The  measured  (recorded)  length  at  the  line. 
L  =  The  corrected  (adjusted)  length  of  the  line. 
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(NOTE: 

1)  An  average  value  of  E  is  29.000.000  \b.nn^  for  the  kind  of  steel 
used  in  tapes. 

2)  The  cross-sectional  value  of  a  tape  can  be  obtained  from  the 
nnanufacturer  or  by  dividing  the  total  tape  weight  by  its  length 
[in  feet]  times  the  unit  weight  of  stee)  {490  lbs/ft^]  and  multiply- 
ing by  144  to  convert  sq.  ft.  to  sq.  in.) 

Example  of  tension  correction: 

Given  a  standard  tension  of  10  lb.  force  for  a  100  ft  tape  that  is  being 
used  with  a  20  lb.  force  pull.  If  the  cross- sectional  area  of  the  tape  is 
0.003.  what  .s  the  tension  error  for  each  tape  length  used? 


J20  ■  10)  m 
29.(X>0.0(X)"  X  O.CX)3 


0,^„.^:];^''^:,,_  =^0.011  ft 


If  a  distance  of  421.22  has  been  recorded,  the  total  correction  would 
be  4.2122  X  0.011  =  +0.05  ft.  The  corrected  distance  would  be  421.27 
ft. 

The  formula  for  sag  correction  is: 

C  :^ 
s  24 

Whore:        =  Corrections  due  to  sag  per  tape  length 
\Ar  ~  Weight  of  the  tape 
L  =  Length  of  tape  under  consideration 
P  -  Applied  tension,  in  pounds 

Example:    A  100  ft  tape  weighs  1.6  lbs.  and  is  supported  only  at  the 
ends  with  a  force  of  10  lb.  What  is  the  sag  correction? 


C  100  _ 

^•^-   24  x10^  "-^-'^ 


Therefore,  the  tape  must  t)o  corrected  -0. 1 1  ft  per  tape  length. 

(NOTE:  Tension  and  sag  errors  are  normally  quite  smell  and  are  not 
used  commonly  on  any  surveying  work  ottier  than  precise  work. 
These  types  of  errors  can  best  be  compensated  with  a  spring  bal- 
ance tension  handle  thus  eliminating  the  necessity  of  calculating 
numerous  corrections.) 


INFORMATION  SHEET 


Recent  advancements  in  horizantBl  measuring 

A.  Electronic  distance-measuring  instruments  (EDMI's)  (Transparency  3) 

1.  Determine  lengths  based  on  phase  changes  that  occur  as  electro- 
magnetic energy  of  known  wavelength  travels  from  one  end  of  a  line 
to  the  other  and  returns. 

2.  The  first  EDM  instrument  v^as  introduced  in  the  early  1950*s  (the  geo- 
dimeter)  and  has  undergone  continual  refinements, 

3.  Short  range,  lightweight  EDM's  have  found  wide  acceptance  in  the 
engineering  and  sun/eying  fields. 

4.  Two  classifications  of  EDMI^  are: 

a.  Blectrooptioal  which  transmit  a  modulating  laser  or  infrared 
light  having  wavelength  within  or  slightly  t>eyond  the  visible 
spectrum 

b.  Microwave  which  transmit  microwaves  with  frequencies  in  the 
common  range  3  to  35  GHz  corresponding  to  wavelengths  of 
ebout  ro  to  8.6  mm. 

B.  Global  positioning  systems  (GPS)  —  Use  satellites  orbiting  the  earth  to 
measure  the  locations  of  control  points  remote  from  each  other, 

(NOTE:  This  topic  will  be  discussed  further  in  Unit  XII,  "Control  Surveys.") 

C.  Inertial  systems  —  Use  gyroscopes  and  accelerometers  that  are  carried  in 
helicopters  and  ground  vehicles  to  determine  the  positions  of  points 
remote  from  each  other 

Responsibilities  of  crew  members 

A.      Party  chief  or  instrument  person 

1.  Responsible  for  the  total  accuracy  and  integrity  of  the  survey  crew 

2.  Coordinates  all  work  to  be  done  by  that  crew 

3.  Verifies  all  measurements  and  checks  for  blunders 

4.  Aligns  the  head  tape  person  when  measuring  toward  a  station 

5.  Records  and  reviews  all  field  <jata  ttmt  is  obtained 
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B.  Rear  tape  person 

1.  Aligns  the  head  tape  person  if  an  irifitrument  is  not  used 

2.  Holds  the  tape  precisely  over  the  rear  mark 

3.  Calls  out  "?tick"  or  "mark"  when  in  petition 

4.  Calls  out  the  station  and  tape  reading  for  each  measurement 

5.  Keeps  count  of  all  full  tape  lengths 

6.  Maintains  care  and  storage  of  equipment 

C.  Head  tape  person 

1.  Carries  the  tape  forward  ensuring  that  there  are  no  loops 

2.  Prepares  the  ground  surface  for  the  mark 

3.  Applies  proper  tension,  checking  that  the  tape  is  horizontal 

4.  Places  all  taping  marks,  calling  out  "stuck"  or  "marked" 

5.  Records  measurements  of  distances 

6.  Supervises  the  taping  work  in  progress 
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styles  of  Tape  Read  Outs 


26.82'  B 


0, 

«  

1 

2  25 

26 

27 

28 

i  1  1 

4  i  A  *  t  f  I  4,  1  ,t  t  t  & 

tJu  1.1  i  i  I  1  i  li 

Fully  Graduated  Tape 


A 


26.82'  B 

~1  2  25  26  iV  28 

.1  .3.5  .7.9 


A 


.9  .7.5  .3.1 


Cut  Tape 


26.82'  B 


r       0  1  "      .      24  25  26  27 

Trrrrrr^Tn—  \  i  i  i         .  i 


^\dd  iape 


1  ' 


Taping  Accessories 


Tapes  Chaining  Pins 


Hand  Level 


Basic  Principles  of  E.D.IVI. 


EDM  Transmitter- 
Receiver  Unit 


Reflector 

Transmitted  Beam 


Reflected  Beam 
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ASSIGNMENT  SHEET  #1  ~  COMPUTE  HORrZONTAL  CONVERSIONS 


Directions:  Accurately  convert  the  linear  measurement  to  its  correct  horizontal  equivalent 
Record  that  answer  in  the  space  provided. 


Part  One  (English  Units) 

1.  1  foot  =  

2.  1  yard  =  

3.  1  rod  =  

4.  1  chain   

5.  1  chain  -  


inches 

feet 

feet 

feet 

links 


6.  80  chains 

7.  1  mile 

8.  1  acre 

9.  1  mile 
10.  1  acre 


feet 
feet 

sq.  feet 
rods 
sq.  rods 


Part  TvtfO  (Metric  Units) 
1-   1  foot  = 
2.   1  km  =  


1  Inch 


4.  1  meter 


m.eter 
miles 
mm 
inches 


5.  1  mile  = 

6.  30  meters  = 

7.  7.6  hectares  = 

8.  32.500  m 


meters 


feet 
_  acres 


hectares 


Part  Three  (F'-actional  to  Decimal) 
1.    4' -8"=.'  feet 


0'  -  9"  = 


3.     12'  •  4' 


4.     6.583'  = 


26.944'  :r, 


0.875'  = 


foot 


feet 


ft 


ft 


ft_. 


inches 
inches 
inches 


5, 
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ASSIGNMENT  SHEET  #2  -  CALCULATE  TAPING  CORRECTIONS 

FOR  SLOPE  ERRORS 


Directions;  Accurately  calculate  the  correct  horizontal  measurements  from  the  field  data 
listed  for  each  problem.  Use  the  formulas  listed  below.  Record  your  answers  in  the  blanks  pro- 
vided. 

hormulas: 

1.  When  given  the  slope  distance  anci  slope  angle  (ff),  use 

« jborizonj^^^  ^  Cos  e  or  H  .  S  Cos  ^ 
S  (slope) 

2.  When  given  the  slope  distance  and  difference  in  elevation  (V),  use 


Examples: 

a.      Given  the  slope  distance 
and  slope  angle: 


b.      Given  the  slope  distance 

and  difference  in  elevation: 


V  =  1.6  ft. 


H  =  S  Cos  (t 

H    214.61  Cos  1*^' 
=  214.552' 
=  214.55'  rounded 


H  =  v^99.82=.  1.6^ 
=^  99.807' 
=  99.81 '  rounded 
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Problems: 


PART  I     Given  slope  distance  and  slope  angle 


1,  Slope  Distance 

419.65' 

(> 

sr 

3»20' 

Horizonia!  Distance 

2, 

Slope  Distance 

120-S5' 

(1 

6«'45' 

Horizontal  Distance 

3. 

Slope  Distance 

644.20' 

0 

3«50' 

Horizontal  Distance 

4. 

Slope  Distance 

96.16' 

0 

8*40' 

Horizontal  Distance 

5. 

Slope  Distance 

251.32' 

il 

Z^IS' 

Horizontal  Distance 

6. 

Slope  Distance 

843.90' 

tf 

6*25' 

Horizontal  Distance 

7- 

Slope  Distance 

1140.66' 

f) 

9*^9' 

Horizontal  Distance 

8.  Slope  Distance 

551.15' 

1°30' 

Horizontal  Distance 

9. 

Slope  Distance 

339.47' 

2*12' 

Horizontal  Distance 

10. 

Slope  Distance 

768.14' 

s^'ig' 

Horizontal  Distance 

Part  II  ~  Given  slope  distance  and  difference  in  elevation 

1.  Slope  Distance  ~  619.25,  Elevation  Difference  ^  6.91 
Horizontal  Distance  =  

2.  Slope  Distance  =  204.19,  Elevation  Difference  =  4.40 
Horizontal  Distance  ^  ________ 

3.  Slope  Distance     19.90,  Elevation  Difference  12.20 
Horizontal  Distance  =  ,  

4.  Slope  Distance     1016.96,  Elevation  Difference  =  18.94 
Horizontal  Distance  =  

5.  Slope  Distance  =  416.46,  Elevation  Difference  =  2.16 
Horizontr.I  Distance  «=  __.,  

6.  Slope  Distance  =  112.35,  Elevation  Difference  =  3.45 
Horizontal  Distance  =  


7.     Slope  Distance  =  79.13.  Elevation  Difference  -  0.61 
Horizontal  Distance  s  ._  ,   


8.  Slope  Distance  =  525.51,  Elevation  Difference  1.24 
Horizontal  Distance  -  .  

9.  Slope  Distance    902.34,  Elevation  Difference  =  9.67 
Horizontal  Distance  =  

10.     Slope  Distance  =  2612.18,  Elevation  Difference  =  22.47 
Horizontal  Distance  =  __   


I 
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ASSIGNMENT  SHEET  #3  -  CALCULATE  TAPING  CORRECTIONS 
FOR  ERRONEOUS  TAPE  LENGTHl 


Directions:  Accurately  calculate  the  correct  horizontal  measurements  from  the  field  data 
obtained  in  each  problem.  Use  the  formula  listed  below.  Record  your  answers  in  the  blanks 
provided. 

Formula: 

/  -  /' 


(  -jj  )  L  and  L     L  -i-  C, 


C;  =  Correction  to  be  applied  to  '."^e  measured  distance 

/  =  Actual  tape  length 

/ '  =  Nominal  tape  length 

L  -  Measured  (recorded)  length  of  the  line 

I  -  Corrected  or  adjusted  length  of  the  line 

Example:    A  measurement  was  recorded  as  171.^  with  a  100.(X)  ft  tape  that  was  only  ^.98  ft 
under  standard  conditions.  What  is  the  corrected  measurement? 


Solution;    /  =  99.98 

/'  100.1  

L  =  171.94  "  ^  "  100.(K) 


/'     100.00       (thus)  ^  ^  /  99^ j;-  moo  \ 


Cj  ~  -0.034 

C,  -f  L  =  r  so:  -0.034  +  171.94  =  171.906 

Problems: 

MBasuffiment  Recorded         Actual  Tape  Length  Nominal  Tape  Length  Corrected  Length 

1-    693.41                            100.03  100.00   

2.  219.87                            199.97  200.00  .  

3.  885.43                           200.04  200.(X)   

4.  368.36                            100.02  100.00   

b.    565.64                              99.97  100,00   „  
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Lay  Out  Distance  Required  Actual  Tape  'Jngth  Nominal  Tape  Length 

6.    450.(X)  100,02  100.00 

7    275.50  99.96  100.00 

8.  618.44  200.05  200.00 

9.  775.00  200.04  2(X).(X) 
10.    513.30  99.97  103.00 
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ASSIGNMENT  SHEET  #4  -  CALCULATE  TAPING  CORRECTIONS 

FOR  TEMPERATURE 


Directions:  Accurately  calculate  the  correct  horizontal  measurement  from  the  field  data  pro- 
vided in  each  of  the  problems  below.  Use  the  formula  given.  Record  all  your  answers  in  the 
blanks  provided. 


Formula: 

Ct  6=  t*  (T  -  Ts)  L 
or 

Ct  =  0.00000645  fr  -  68)  L 


where:   Ct  -  Correction  due  to  temperature,  In  feet 

T  =  Temperature  of  the  tape  during  measurement 
ct  -  0.0{XXX)645  (the  coefficient  of  expansion  of  steel) 
L  s=  Distance  measured  in  feet 


Example:   It  is  required  to  lay  out  2  points  that  will  be  exactly  100.00  ft  apart.  The  temperature 
of  the  tape  Is  107*F.  What  distance  should  t>e  laid  out?  


Ct  -  a  (T  -  Ts)  L 

Ct  -  0.000(K)645  (107-68)  1(X).00 

Ct  =  +  0.025 


(NOTE:  Since  this  is  a  "lay  out"  problem,  the  sign  of  the  correction  must  be  reversed.  There- 
fore, lay  out  distance  -  1(X).00  -  0.025  =  99.975.) 


Problems: 


1. 

Measured 

=  442.41' 

2. 

Lay  out  - 

250.00' 

3. 

Lay  out  - 

317.50' 

4. 

Measured 

«  291.63' 

5. 

Lay  out 

742.25' 

6, 

Measured 

=  819.61' 

7. 

Measured 

=  412.35' 

8. 

Lay  out  = 

175.00' 

9. 

Measured 

=  216.37' 

10. 

Lay  out  s= 

525.75' 

CorrsctBd  tape  tongtti 

Tape  Temperature  =  20*F   

Tape  Temperature  =  31  *F   

Tape  Temperature  =  9f.*F  . 

Tape  Temperature  =  102°F   

Tape  Temperature  TQ^F   

Tape  Temperature  =  52''F    ,  ,  .  .  „. 

Tape  Temperature  =  40*'F  .   

Tape  Temperature  =  21 'F  

Tape  Temperature  a:  11  e^F   

Tape  Temperature  =  87*F  


HORIZONTAL  MEASUREMENTS 
UNIT  tit 


ASSIGfSSMENT  SHEET  #5  «-  CALCULATE  TAPING  CORRECTIONS 

FOR  ALL  TYPES  OF  ERRORS 


Directions;  Accurately  calculate  'he  correct  horizontal  measurements  from  the  field  data 
obtained  in  each  pnablem.  Using  the  formulas  listed  below,  solve  for  each  type  of  taping  cor- 
rection: slope,  temperature,  and  erroneous  tape  lengths.  Record  your  answers  in  the  blanks 
provided. 

FORf^ULAS: 

Slope 

HjHorizonta!)  ^^^^^^  or  H^^S  CosO 
S  (Slope) 

where:  O  is  the  angle  of  inclination 


H-     S-^  ^  V-  or  H  =  N  ^ 

where:  V  is  the  difference  in  elevation 


Tempemture 

C,  ~  a  (T  -  1^)  I  (general  formula) 
or 

q  =  0.000(X)645  (T     68)  L 

where:     -  Correction  due  to  temperature  in  feet 

T  r=  Temperature  of  the  tape  during  measurement 
L  =  Distance  measured  in  feet 


Erroneous  tape  length 


and  L  =  L  + 

where:  C;  ^  Correction  to  be  applied  to  the  measured  distance 
/  =x  Actual  tape  length 
/  '  SI  Nominal  tape  length 
L  =  Measured  (recorded)  length  of  the  line 
L  =  Corrected  or  adjusted  length  of  the  line 
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Problems 


Temperature 

Tape  Length 

Slope  Data 

Slope 
Distance 

Horizonta! 
Distance 

4 

lor 

HRJ.UU  Ti. 

slope  angle  ^  2^2' 

321.68  f!. 

2 

0*C 

)L/WrV/V/M  111* 

3 

QQQR  ft 

Uiev.  UfTT»,  O,  lU  Tu 

^yo.yo  n. 

4 

28*C 

£.O.s7«7v  III, 

ctinno  annic^'  '^^^Q^ 

■«  -  ...... 

t; 

inn  n*^  ft 

Slope  ffi'  -U.oUyo 

blU.iftJ  !t» 

Temperature 

Tape  Length 

Slope  data 

Required  Hori^. 
Distance 

Actual  Layout 
Distance 

6. 

24'F 

30,012 

slope  angle  +  4*30' 

338.666  m. 

_ .  slope 

7. 

99.98  ft. 

horizontal 

300,00  ft. 

horiz. 

a 

30«F 

100.02  ft. 

slope®'  -1-1,5% 

500,00  ft. 

slope 

9. 

n't: 

29.980  m. 

horizontal 

260.000  m. 

 horiz. 

10. 

100,04  ft. 

horizontal 

440.00  It. 

horiz. 
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ANSWERS  TO  ASSIGNMENT  SHEETS 


Assignment  Sheet  #1 
Part  1 

1.  12 

2.  3 

a  16  v.- 

4.  66 

5.  100 


6.  5280 

7.  52ao 

a,  43,560 

9.  320 

10.  10 


Part  2 

1.  0.3048 

2.  0.62137 

3.  25.4 

4.  39.37 


5.  1609.34/ 

6.  98.425 

7.  18.7796 

8.  3.25 


Part  3 


1. 

2. 
3. 


4.66/' 

0.75' 

12.333' 


4. 


6. 


6'  '  7" 
26'  -  1 1  '/r 
0'  -  10'/.." 


Assignment  Sheet  #2 
Part  1 


1.  418.94 

2.  119.71 

3.  642.76 

4.  95.06 

5.  251,13 


6.  838.61 

7.  1126.15 

8.  550,96 

9.  339.22 
10  764.84 


Part  2 


1.  619.21 

2.  204.14 

3.  15.72 

4.  1016.78 

5.  416.45 


6.  112,31 

7.  79.13 

8.  525.51 

9.  902.29 
10.  2612.08 


Assignment  Sheet  ^3 


1.  693.62 

2.  219.84 
3  885.61 

4.  368.43 

5.  565.47 


6.  449.91 

7  275-61 

8  618.2<> 
9.  774.85 

10.  5 '3,45 


1  ■■;  i ; 


ANSWERS  TO  ASSIGNMENT  SHEETS 

1       -14.' ?9'  {y.  H19W 

291.61V  o.  2ir..44' 

■■■■■  lOP'pent  Shr«i 

i.     3^1,37  fl  6.  339.561  m. 

:^      ir2.l04nt  7.  3W.09tt. 

498  56  ft.  B  500,08  it. 

4      3J>8  62lm  9.  260.114  m. 

P  10.55  ft.  10.  -139  76  it. 
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HORIZONTAL  MEASUREMENTS 
UNIT  III 


JOB  SHEET  #1  —  DETERMINE  AVERAGE  LENGTH  OF  PACE 


Tools  and  equipment 

1.  Steel  tape  ielther  100'  or  200*  length) 

2.  Chaining  pins  (or  other  method  to  mark  points) 

3.  Field  book  and  pencil 
Procedure 

1.  Set  Initial  starting  point  and  set  point  #1. 

{NOTE:  Try  to  pick  out  an  area  that  is  at  least  200'  to  260'  long,  clear  of  obstruc- 
tions, and  quite  level  for  this  pacing  exercise ) 

2.  Head  tape  person  should  reel  out  the  tape  toward  point  #2. 

3.  Set  an  Intermediate  point  #2  at  100'  from  the  initial  starting  point  #1. 

4.  Continue  In  a  straight  line  from  point  #2,  set  ac  100* ,  and  set  point  #3  at  200'  even 
from  the  initial  starting  point. 

5.  After  points  are  set,  reel  up  tape  and  store  properly. 

6.  Begin  paring  procedures  by  starting  with  the  toe  of  your  foot  even  and  Just  to  the 
side  of  point  #1. 

7.  Begin  a  normal  walking  pace  toward  point  #3. 
{NOTE:  Not  too  fast,  not  too  slow.) 

8.  Counting  your  paces  as  you  go,  you  may  want  to  make  note  of  the  number  of 
paces  when  crossing  Point  #2. 

9.  Upon  reaching  point  #3,  make  note  of  total  number  of  paces  that  the  200.00'  dis- 
tance required  including  any  partial  step  at  the  end. 

10.  Repeat  this  procedure,  back  toward  the  beginning  point,  totaling  up  i  ' .  record- 
ing the  total  each  tinic. 

1 1 .  After  completing  this  exercise  6  to  8  times  and  determining  a  comfortable  pace, 
add  up  the  totals,  keeping  In  mind  that  they  shoi-'  i  all  be  relatively  ss^milar. 
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JOB  SHEET  #1 


12.     Divide  the  tola!  footage  by  the  numt>er  of  paces  accumulated. 

Example: 
200.00 
200.00 
200.00 
200.00 
200.00 
200.(X) 


1st 

64.0 

2nd 

64.5 

3rd 

64.0 

4th 

64.5 

5th 

64.0 

6th 

64.0 

Total  Feet 

386.00 

1200.00     Total  Feet       386.00    Total  Paces 
1200  -f  385  =r  3.12  ft  per  pace 

13.    This  numl>er.  average  feet  per  pace,  can  now  be  used  for  any  required  distance 
needed  simply  by  dividing  your  average  pace  Into  the  desired  distance. 

(NOTE:  Again  keep  in  mind  that  pacing  downhill  lengthens  your  stride,  and  pac- 
ing uphill  can  shorten  each  pace  considerably.  This  exercise  should  be  repeated 
frequently.)  ''^ 
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HORIZONTAL  MEASUREMENTS 
UNIT  III 

JOB  SHEET  #2  ~  MEASURE  AND  LAY  OUT  HORIZONTAL 
DISTANCES  WITH  A  STEEL  TAPE 

A.     Tools  and  equipment 


1. 

100  foot  tape 

z 

Full  set  of  chaining  pins 

3. 

Plumb  bobs 

4. 

Spring  balance  tension  handle 

5. 

Range  poles 

6. 

2  wooden  stakes 

7. 

Hand  level 

8. 

Field  book  and  pencil 

Procedure 

1.  Split  up  In'iO  groups  of  2-3  students,  depending  on  how  many  steel  tapes  and  tap- 
ing accessories  are  available. 

(NOTE:  Each  group  should  set  out  a  pair  of  stakes  approximately  450'  to  475' 
apart  on  level  ground,  with  a  section  of  range  pole  behind  each  point  for  align- 
ment.) 

2.  Rear  tape  person  begins  taping  procedure  by  lining  up  the  head  tape  person 
using  vocai  or  hand  signals.  (Figure  1} 

FIGURE  1 
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JOB  SHEm  #2 

3.  Apply  proper  tension  to  tape, 

4.  Plumb  tape  as  needed.  (Figure  2) 
FIGURE  2 


5.  Mark  tape  lengths,  double  check  locations,  and  move  on  to  second  stake, 

6.  Continue  marking  until  a  partial  tape  length  is  needed. 

7.  Read  the  tape  for  the  last  measurement- 

(NOTE:  The  correct  procedure  depends  on  the  type  of  tape  being  used.) 

8.  Record  the  distance  (full  lengths  and  partial)  in  the  field  book. 

9.  Repeat  this  entire  procedure  back  and  forth  several  times.  Record  each  total  hori- 
zontal moasuremont  from  point  #1  to  point  #2. 

10.  Compare  all  of  your  results  when  finished,  and  calcu  *e  an  average  horizontal 
measurement, 

(NOTE:  Office  calculations  can  also  be  done  later  to  correct  for  slope,  tension, 
and  temperature,) 

11.  Practice  the  follovying  variations  as  time  allows, 
a.      Use  different  styles  of  tapes. 

b-      Set  out  other  distances. 

c.  Exchange  roles  of  crew  members 

d.  Work  on  slightly  slopmg  ground. 

e.  Measure  in  weeded  areas. 

f.  Practice  plumb  bobbing  steep  slopes. 

1  ^  ' 
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HORIZONTAL  MEASUREIVIENTS 
UNIT  III 


MAME 


'EST 


Match  the  terms  on  the  right  with  th^  correct  definitions. 


A  comnrran  surveying  at)bfeviation  which 
represents  an  accurate  position  of  a  sur- 
veyed station 


.b.  A  piece  of  surveying  equipment,  normally 
thr^legged,  of  wood  or  aluminum  on  which 
the  surveying  instruments  can  be  mounted 

„c.  A  mistake  due  to  human  error  that  can  be 
discovered  unless  negligible 

_d>  A  surveying  device  developed  after  the  ti^n- 
sit  for  both  vertical  and  honzontat  angujar 
measurements;  normally  has  greater  preci- 
sion than  standard  transits 

e.  A  set  of  physical  properties  whose  values 
determine  the  characteristics  of  a  system 

J.  A  surveyed  line,  normally  straight,  with  mea- 
sured increments  called  stations;  often 
used  for  control  work  on  engineering  pro- 
jects and  as  a  method  of  collecting  existing 
ground  features 

.g.  A  surveying  term  used  to  signify  writing 
down  or  transcribing  field  data  into  a  field 
l>ook 


 h.      A  normal  preliminary  stage  of  a  project  used 

to  evaluate  approaches  to  surveying  pro- 
jects, collect  preliminary  data,  an  J  familiar- 
l/e  oneself  with  the  .^ite 


1.  Baseline 

2.  Blunder 

3.  Circumference 

4.  Field  book 

5.  Parameter 

6.  Point 

7.  Reconnaissance 

8.  Recorded 

9.  Theodolite 
10,  Tripod 


The  calculated  or  measured  distance 
around  a  circular  object 


 j.       The  common  term  for  the  collection  base  of 

all  field  data;  usually  either  a  bound  booklet 
or  a  ioose-leaf  binder  typr  book 


State  the  equivaiencies  for  the  tollowsnp  Burvi^ying  measurernerUs. 


a. 

1  mile  =  .   

.  fC(?t  X   

  chaini. 

b. 

1  acre  ^     , 

square  chains 

c. 

1  chain 

feet  ^  

 ^  link:^ 

d. 

1  rod  =  _   

feet 

e. 

1  kilometer 

 meters  ^ 

f. 

1  hectare  ^  .  .   

.  .  acres 

g. 

1  square  kilometer  (km-) 

^  hectares 

miles 


List  three  types  of  equipment  u^va  in  the  past  to  make  horizontal  measurements. 

a.      _  ^  _  _  ^  

b.   ^  _   ,    

c.  


Match  horizontal  measurements  on  the  right  with  their  correct  uses. 


 a.       Used  to  relocate  points  set  from  existmy 

features  that  can  be  readily  found  ia*ei 

 ^h.       Used  to  provide  a  method  of  contro;  along  a 

baseline  for  construction  r^irposos 

 Used  to  measure  the  distant «:  between  con- 
trol points  alofiQ  with  the  angular  measure- 
ments 

 d.       Used  to  establish  a  series  of  control  pcnts 

and  their  positions  by  horizontal  distant  f-s 
only 

 e.       Used  to  establish  an  .sccuiato  bafiCline  from 

which  angles  are  measured  to  nurr^erous 
points 

_  ..._  .f.  Used  to  establish  proposed  location  of  a!! 
engineering  works 

 9.      Used  to  establish  location  of  all  existing 

features  within  a  survt:y  limit 


1.  Construction 

2.  Horizontal  ties 

3.  l  inear  stationing 

4.  "ibpographical 
b.  Traversing 

6.  Triangulation 

7.  TfHateration 


TEST 


Distinguish  betwtH?n  the  methods  of  measunr^g  dist^^r^ces  by  piacing  the  following  let- 
ters next  to  the  correct  descriptioris; 

•  EDM  —  Electronic  distance  measuring 

•  OD  —  Odometer 

•  OP  ~  Optical  range  finders 
«  P  _  Pacing 

•  T  - '  Tacheomotry 

— ^ — a.  Consists  of  counting  the  number  of  steps  in  a  required  distance.  Particu- 
larly useful  ^hen  looking  for  survey  markers,  marking  rough  measure^ 
ments,  detcctina  blunders,  and  checking  nr>easurements  on  construction 
layouts. 

 b.      Consists  of  the  number  of  revolutions  of  a  wheel  of  known  circumference 

convertevi  to  a  linear  distance.  Used  to  collect  preliminary  data  when 
beginning  a  survey,  to  serve  as  a  rough  check  of  rrwasurements  made  by 
other  methods,  and  to  aid  in  differentiating  fencetines  for  determining 
property  ownerships 

_..  c-  0^>eratc  on  the  same  principles  as  similar  equipment  on  a  single-lens  cam- 
era. Basically,  when  focused,  they  solve  for  object  distance.  The  operator 
views  the  object,  focuses  the  image,  and  a  distance  reading  can  be 
obtained.  Particularly  useful  in  reconnaissance,  sketching,  or  checking  a 
mure  accurate  measiireme.  t  for  mistakes. 

—  — d       Involves  the  measurement  of  a  related  distance  parameter  either  by 

means  of  a  f  ixtiri  anyle  jnter«»pt  (example  -  stadia)  or  by  means  of  a  mea- 
sured angle  to  a  fixed  base  (example  -  -  subtense  bar). 

v.,  unction  by  sendmg  a  Ughtwavtr  or  rn^crowave  signal  along  the  path  to  be 
fT>ea$ure(i.  and  measuring  the  time  mvolved  in  traveling  that  distance.  Very 
useful  when  measurinii  over  iumj  distances,  bodies  of  water,  rough  terrain, 

etc 

Complete  the  toiiowing  statements  concer n^r^g  types  of  tapes  or  chains  by  filling  in  the 
blanks  with  the  appropriate  words. 

a.  Available  m  many  lengths.  inafKeij  in  on^vi    .  _   or  nietric  units  and 

different  unit  weights 

b.  Common  lengths  are  100,       and  300  toot  !af>es  with   being  the 

most  commonly  used 

c.  Steel  tapes  or  chains  conie  in  two  prevaiont  cross  sections.  and 

liQhtweighr 
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7.     Identify  the  following  types  of  tape  readouts 


.  .r.  .,...._b 

T  i  .  i  i  !  4 1  . .  T  

.9  .7.5  .3.1 


26.82' 

1        ■  ,    "  24'  25 


B 

-♦J 

26 


27 

in 


or     1  2 


26.82' 


B 


"___^^_26^  jrd^^  28 


b. 


A 

r ;  1 

.1  3  .f:  .7  .9 


2 
1 


26.82' 


26 


B 

27 

::nr; 


28 


c. 


8.     Match  taping  accessories  on  the  right  with  their  corsect  uses. 


 a.      Normally  nnade  of  solid  brass  with  a  weight 

of  8  oz.  to  18  oz.  used  in  taping  to  transfer 
frofti  tape  to  ground  (and  vice  versa)  when 
above  ground  and  to  maintain  horizontal 
alignment  when  measuring  distances 

 b.      Used  to  keep  taf^  ends  at  same  elevation 

while  taping  along  uneven  terrain 

.  c.  Used  In  precise  work  to  ensure  proper  ten- 
sion is  t>elng  applied  to  the  tape  when  mea- 
suring a  distance  Ijetween  two  points 


1.  Hand  levels 

2.  Chaining  pins 

3.  Tape  repair  kits 


.1  «  i  •  / 
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.d. 

Aid  in  gripping  the  tape  at  any  Intermediate 

4. 

Oarnp  handles 

point  without  t)endlng  or  damaging  the  tape 

and  in  eliminating  any  injury  to  hands  while 

5. 

Woven  tapes 

measuring 

6. 

Plumb  bobs 

e. 

Used  to  mark  out  tape  lengths  or  Intermedi- 

ate distances  while  measuring  a  lon';ier  dis- 

f , 

Range  poles 

tance;  sometimes  referred  to  as  survevor's 

arrows 

8. 

Tension  handles 

f. 

Used  to  determine  the  temperature  of  the 

9, 

Pocket  thermometers 

tai:^  while  l^ing  used  so  the  surveyor  can 
make  corrections  for  expansion  or  contrac- 
tion of  the  tape  to  calculate  the  "actual"  dis- 
tance l>etween  the  points  measured 


— „ — g.  Used  to  mark  alignment  while  sighting  a 
point;  typically  made  in  4  ft  sections  of 
wood,  steel,  or  aluminum  with  threaded 
ends  which  can  t>e  connected  together  if 
needed,  and  painted  red  and  white  alter- 
nately, usually  at  1  foot  Intervals 

 .h.      Available  so  that  broken  tapes  can  be  put 

back  in  service 

 i.       Used  for  measuring  ties  to  survey  points, 

cross  sections,  and  rough  measurements  of 
actual  survey  line  measurements 

Complete  the  following  statements  concerning  the  cart;  and  storage  of  taping  equip- 
ment by  circling  the  correct  words. 

a.  If  a  sun^eyor^  iape  is  kmked.  a  pull  of  1  pound  (will,  will  not)  usually  break  it 

b.  Tapes  (may,  may  not)  be  "thrown"  into  a  circular  loop  when  not  being  used  by  the 
surveyor. 

c_      Tapes  should  be  kept  (loose  In  a  box,  on  their  r^l)  for  storage. 

d.  If  a  tape  gets  wet.  wipe  it  first  with  a  dry  cloth,  then  (a  water-saturated  cleaning 
cloth,  oily  cloth),  and  inspect  for  any  deformities  prior  to  storage. 

e.  While  taping  distances,  only  the  (head,  rear)  tape  person  should  hokJ  on  to  the 
end  of  the  tape  while  moving  to  the  next  segment. 

State  one  purpose  of  taping. 
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11,    Arrange  In  onder  the  following  steps  used  in  taping  on  level  ground  by  placing  the  cor- 
rect sequence  numbers       in  the  appropriate  blanks. 


a. 

Plumbing 

b. 

Marking  tape  lengths 

c. 

Lining  in 

d. 

Recording  the  distance 

,   , ,  e. 

Applying  tension 

t. 

Reading  the  tape 

12.  Select  true  statements  concerning  the  procedure  for  taping  on  v  neven  or  sloping 
ground  by  placing  an  "X"  next  to  the  true  statements. 

 a.      Hold  the  tape  horizontal,  either  by  accurate  estimation  or  by  the  use  of  a 

hand  level. 

 b.      Only  the  rear  tape  person  should  apply  steady  tension  to  the  end  of  the 

tape. 

 c.  When  "breaking  tape"  or  plumbing  on  sloped  ground,  try  to  use  foot  incre- 
ments that  will  add  up  to  66'  tape  lengths,  thereby  aiding  in  reduction  of 
calculating  errors. 

 d.      Communication  between  tape  persons  is  important  during  this  operation. 

 e.      The  addition  of  all  increments  chained  does  not  have  to  be  double 

checked  since  there  are  rarely  errors. 

13.  Distingiush  between  accuracy  and  precision  related  to  sun^eying  technology  by  placing 
an  "X"  next  to  the  description  of  accuracy. 

 a.      Refers  to  the  degree  of  refinement  used  in  measuring  a  value,  either  by  the 

number  of  times  measured  or  by  the  degree  of  graduation  it  was  nft»asured 
in, 

 b.      Denotes  the  absolute  "nearness"  "f  the  measured  value  to  the  true  value. 

14.  Calculate  the  accuracy  ratio  for  the  following  surve  problem. 

A  distance  was  measured  and  found  to  be  300.78  ft.  The  distance  was  previously  known 
to  t>e  300.00  ft.  What  is  the  accuracy  ratio?  Round  answer  to  nearest  whole  number. 
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Ust  three  examples  of  each  common  type  of  error  that  may  occur  while  surveyinp. 
a.      Systematic  errors 

1)   ^.    

2)  

3)   


b.      Random  errora 

1)   

2)   

3)   


Mistakes  or  biundeiB 


1^ 


2) 

3) 


Match  taping  corrK;tions  on  the  right  with  the  correct  formulas. 


.a.   Cp  *  (P,  -  P)^ and  L  r:  L  +  C 

.b.   H'  c    -  V  or  H  =  yfS''-  V' 
.c.  c,«:^ 

9    24  P 


.d.   y  B  Cos  ^  or  H  =  S  Cos  ? 


^e.   C|  «  a  (T  T3)  L  (general  formula) 


or 


q  «  0-00000645  (T  -  68)  L 


1,  Slope  correction 
when  slope  angle  is 
known 

2,  Slope  correction 
when  vertical  dis- 
tance is  known 

3,  Tape  length  correc- 
tions 

4,  Temperature  correc- 
tions 

5,  Tension  correct 
6  Sag  correction 


J.  Ci 


L  and 


r  «  L  +  C/ 
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Complete  IhR  following  statements  concerning  recent  advanct?mt^nts  in  horizontal 
measuring  by  placing  the  correct  answers  in  fhc  blanks  provided, 

„_-^.a.       The  first  t'DM  instrt.r;ient  was  introJuct^d  in  the  early 


1) 

19O0's 

2) 

1940'o 

3) 

1950's 

4) 

The  type  of  EDM!  which  transmits  a  modulating  laser  o.  infrared  tight  hav- 
ing wavelength  within  or  slighlly  beyond  the  visible  i.pectrum  is  the 

1)  Microwdve  tiDMi 

2)  Magnetic  EDMI 
3}     Laser  EDM! 

4)     tllectro-optica!  LDMi 

EDMI's  determine  l.'npthfi  based  on  phase  changes  that  occu''  as 

..  -.    cr)t/n  of  known  -wavelength  travels  from  one  end  of  a  line 

to  t\\Q  other  and  fotums. 

1)  Eii?r.tromaynetK. 

2)  Kirtf.'tic 

4)  tiectftcal 

Giob.(!  positioninq  sy;:tems  u^n  !,>  nu^asuK'  'he  locations 

of  control  points  remote  from  *\h.J'<  r-ther 

1;  FDMIs 

2i  Satei!itt.";5 

3)  Gyroscopes 
4j  A!tirn».:tt:;;.. 
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 e.       Inertial  systems  ust^  ^^  .  ^  ^        *  t  fHMnts 

remote  from  each  oth*  r. 

1)  EDMls 

2)  Satellites 

3)  Gyroscoprt: 

4)  Altimeler^^ 

18-     Distinguish  between  the  ror4)OftsibUjiii:u  of  t-iVi  r  >u^  ^  -  tmKif^Q 

horizontal  measurements  by  placfnq  thr^  ^oHoa  fio  i-^'^     :     *  r  ;  inks 

P  —  Party  chief  or  instfument  p^K^nn 

R  —  Rear  tape  person 
H  —  Head  tape  parson 

 a.       Records  and  reviovw^.i  all  \u)kl  \UiU  I         v ;  - 

 b.       Calls  out  the  statit^n  t^nd  tapt*  f^a.hru,^  u/t  ^  3. .  . 

— .  ^-C.       Ah^jns  the  head  tape  i>'*rsori  vwfu'n  n^rR^-iirinci  'o.^  :^^  1  :      ■.  .  r 

<  _^d.      Aligns  the  ht^Mi  tap^.'  p*Hj;on  it  an  :^ 

 e.       Carries  th<^  tape  ft^rw^vii  tMnr^urinrj  ti^v  ^  /■  - 

 t.        HoKJ:^  the  tcipf-  preciseiy  f^^a  • 

 Ket^ps  count  of  aU  fuH  tapt.^  t^-ujth- 

„_„_h.       Records  measutt^rjiOfV^s  d?:,:taM^,.cs 

 Respon^oibie  for  !fie  t«.>ta^iiccur3.  V        ■     ,  . 

 Jl  Calls  out  "hUvM^'      ■  uiarK  '  v\,htKi  , 

,   Coordinates  al!  work  to  bf?  d(uic  i  v        .  . 

 !.  Verifies  all  nH^eiSurornf  Ms  and  rt^.^^-  -        ^  ; 

 ^m.  Places  all  tapirig  ff)arkf  r^'i!i  f?*:p  wt     v  ^ 


(NOTE:  If  the  following  activities  havt  n;^>  Sx  rii  •  r  1  :  ;  y.>ur 
instructor  when  they  should  be  complettJ  » 

19.  Compute  horizontal  conversions  {At..  ujnnaMi!  sh. 

20.  Calculate  taping  corrH:tiorj$  fc^r  yMn-i'  (.nr^ff.  ^  ^      -  , 

21.  Calculate  taping  correction:,  for  vtr^^iwr'-n:.  ta;  *  i^*  ^U'  '  ^  . 
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22.  Calculate  taping  com^cttons  for  tornperatufp  sA^-.iijnfTU'ni  Sheet  #4) 

23.  Calculate  taping  corrections  for  all  types  ot  t  ;.!fUj  crruri;.  (AssicjnrTicnt  Sheet 

24.  Demonstrate  ttie  ahility  to 

a.  Determine  average  ivngth     pact;,  iJv>i)  L^fkvt  "^li 

b.  Measure  and  lay  out  hori/ontai  rjfst.iru.o;-  witf)  a  Met'l  tape.  ^Job  Sheot  ^2) 
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HORIZONTAL  MEASUREMENTS 
UNIT  III 


ANSWERS  TO  TEST 


a. 

6              f.  1 

b. 

10             g.  8 

c. 

2              h.  7 

d. 

9              i.  3 

0. 

5  j. 

a. 

5280  *eet,  BO  chains 

b. 

10  square  chains 

c. 

66  feet.  100  jinks 

d. 

16  V£  feet 

e. 

1000  meters,  0.62137  miles 

f. 

2,471  acres 

100  hectares 

Any  three  of  the  following: 


a. 

Rod  or  pole 

b. 

Gunter^  chain 

c. 

Engineer's  chain 

d. 

Wires 

a. 

2 

e. 

6 

b. 

3 

f. 

1 

c. 

5 

g 

4 

d. 

7 

a. 

P 

b. 

OD 

c. 

OP 

ri. 

T 

e. 

EDM 

a. 

English 

b. 

100  ft 

c. 

Heavy  duty 

a. 

Add  tape 

b. 

Fully  graduated  tape 

c. 

Cut  tape 

a 

6 

f. 

9 

b. 

1 

g. 

7 

B 

h. 

3 

d. 

4 

i. 

5 

e 

o 

If 
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ANSWERS  TO  TEST 


a.  Will 

b.  May 

c.  On  their  reel 

d.  Oily  cloth 

e.  Head 


10.     Either  one  of  the  following: 

a.  To  determine  the  actual  distance  between  two  existing  points  in  the  field 

b.  To  establish  points  in  he  field  at  prescribed  distances  determined  by  survey  cal- 
culations or  for  proposed  engineering  works 


11.     a.  3 

b.  4 

c.  1 

d.  6 

e.  2 

f.  5 

12-  a.d 

13.  b 

14.  0.78  ^  0.78  „     1     _  1 
300     0.78     3ft4.6  "  385 

15.  a.      Any  three  of  the  following  systematic  errors: 

1)  Slope  in  measurement 

2)  Erroneous  tape  length 

3)  Temperature  variations 

4)  Improper  tension 

b.  Any  three  of  the  following  random  errors: 

1)  Improper  plumbing 

2)  Faulty  marking 

3)  Incorrect  reading  or  interpolation 

4)  Misalignment 

c.  Any  throe  of  the  following  mistakes  or  tiiuriders 

1)  Transposing  figures 

2)  Miscounting  full  tape  lengths 

3)  Measuring  to  or  from  the  wrong  point 

4)  Arithmetic  mistakes 

16.  a.  5 

b.  2 

c.  6 

d.  1 

e.  4 

f.  3 
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ANSWERS  TO  TEST 


a 

3 

b. 

4 

c. 

1 

d. 

2 

c. 

3 

a. 

P 

h. 

H 

fa. 

R 

i. 

P 

c. 

P 

]. 

R 

d. 

R 

k. 

P 

e. 

H 

1. 

P 

f. 

R 

m. 

H 

9- 

R 

19.-23.     Evaluated  to  the  satisfaction  of  the  instructor 

24.     Performance  skills  evaluated  to  the  satisfaction  of  the  instructor 
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VERTICAL  MEASUREMENTS 

UNIT  iV 


UNIT  OBJECTIVE 

After  completion  of  this  unit,  the  student  should  be  able  to  enter  field  data  in  standard  field 
book  form,  make  minor  field  adjustments  to  a  leveling  instrument,  and  perform  various  level- 
ing problems.  Ck)mpetencies  will  be  demonstrated  by  correctly  performing  the  procedures 
outlined  in  the  assignment  and  job  sheets  and  by  scoring  85  percent  on  the  unit  test. 

SPECIFIC  OBJECTIVES 

After  completion  of  this  unit,  the  student  should  be  able  to: 

1.  Match  terms  related  to  vertical  measurements  with  the  correct  definitions, 

2.  List  uses  of  leveling  results. 

3.  CJomplete  statements  concerning  the  theory  of  leveling  procedures. 

4.  Distinguish  between  curvature  and  refraction. 

5.  Identify  major  parts  of  a  level. 

6.  Complete  statements  concerning  adjusting  parts  of  a  level. 

7.  Match  types  of  leveling  equipment  with  the  correct  characteristics  and  uses. 

8.  Complete  statements  concerning  types  of  level  rods. 

9.  Complete  statements  concerning  the  proper  procedure  for  setting  up  a  leveling 
instalment. 

10,  Arrange  in  order  the  steps  used  to  establish  an  elevation  of  an  unknown  point. 

11.  Select  true  statements  concerning  standard  rules  for  note  keeping. 
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OBJECTIVE  SHEET 

12.  Match  various  applications  of  level  work  with  the  correct  characteristics  and  uses. 

13.  Distinguish  between  the  duties  of  survey  crew  nDembers, 

14.  Classify  common  errors  that  occur  in  leveling. 

15.  List  common  mistakes  that  occur  whila  leveling. 

16.  Descrit)e  the  process  of  making  minor  field  adjustments  (peg  test). 

17.  Read  various  types  of  level  rods.  (Assignment  Sheet  #1) 

18.  Enter  field  data  in  standard  field  book  form.  (Assignment  Sheet  #^ 

19.  Demonsirate  the  ability  to: 

a.  Make  minor  field  adjustments  tc  a  leveling  instrument  (peg  test).  (Job  Sheet 
#1) 

b.  Perform  a  completed  level  circuit  using  the  differential  leveling  process. 
(Job  Sheet  #2) 
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VERTICAL  MEASUREMENTS 
UNIT  IV 

SUGGESTED  ACTIVITIES 

A.  Obtain  additional  materials  and/or  irivite  resource  peopk?  tu  class  to  Bupplement/rein- 
!orce  information  provided  in  this  unit  of  instructic  n. 

^NOTE:  This  activity  should  be  completed  prior  to  the  teaching  of  this  unit.) 

B.  Make  transparencies  from  the  transparency  masters  included  w\h  this  unit. 

C.  Provide  students  with  objective  sheet. 

D.  Discuss  unit  and  specific  objectives. 

Provide  students  with  information  and  £  ;signrnent  sheets. 
Discuss  information  and  assignment  sheets. 

(NOTE:  Use  the  transparencies  to  enhance  the  information  as  needed.) 
Provide  students  with  job  sheets, 

H.  Discuss  and  demonstrate  the  procedures  outlined  in  the  job  sheets. 

I.  Integrate  the  following  activities  throughout  the  teaching  of  this  unit' 

1.  Have  students  perform  a  leveling  problem  consisting  of  a  profile  and  cross  sec- 
tions. 

2.  Have  students  perform  a  three  wire  level  circuit  to  demonstrate  the  inciease  in 
accuracy  that  can  be  obtained. 

3.  Have  students  research  locations  of  various  types  of  local  bench  marks  that  can 
be  found  in  your  local  area. 

4.  Have  students  perform  a  double  rod  level  circuit  to  demonstrate  the  increased 
accuracy  that  can  be  obtained. 

5.  Demonstrate  applications  where  over-head  leveling  can  be  used  in  the  construc- 
tion industry. 

6.  Have  students  research  the  local  area  for  local  datums  thai  are  currently  used  in 
leveling, 

7      Meet  individually  with  students  to  evaluate  their  progress  through  this  unit  of 
instruction,  and  indicate  to  them  possible  areas  for  improvement. 

J       Give  test. 

K.      Evaluate  test, 

L      Reteach  if  necessafy. 
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INSTRUCTIONAL  MATERIALS  INCLUDED  IN  THIS  UNIT 

A,  Objective  sheet 

B,  Information  shoot 

C,  Transparency  masters 


1. 

TM  1  - 

Parts  o1  a  Level 

2, 

TM  2  -~ 

Cross  Hair  Artangoments 

3. 

TM  3  - 

Rod  with  Target 

4. 

TM  4  - 

Rod  Graduations 

5. 

TM5  - 

Bench  Circuit  Sequence 

6. 

TM  6  - 

Standard  Note  Keeping 

7. 

TM  7  - 

Differential  Leveling 

8. 

TM  8  - 

Reciprocal  Leveling 

9. 

TM  9 

Profile  Leveling 

10. 

TM  10 

-  Cross-Section  Leveling 

11. 

TM  1 1  - 

'  Cross-Section  Leveling  (Continued) 

^9. 

TM  12  - 

Cross-Se^ction  Leveling  (Continued) 

13 

TM  13  - 

-  Borrow  Pit  Leveling 

14. 

TM  14  - 

-  Error  Classifications 

Assignment  sheets 

1.  Assignment  Sheet  #1  —  Read  Various  Types  of  Level  Rods 

2.  Assignment  Sheet  #2  -  Enter  Field  Data  in  Standard  Field  Book  Form 

E.  Answers  to  assignment  sheets 

F.  Job  sheets 

1.  Job  Sheet  #1  -  Make  Minor  Field  Adjustments  to  a  Leveling  Instrument  (Peg  lest) 

2.  Job  Sheet  #2  —  Perform  a  Conspleted  Level  Circuit  Usino  the  Differential  Leveling 
Process 

G.  Test 

H.  Anawero  tu  test 

if.  . 


ERIC 


S- 165 


REFERENCES  USED  IN  WRITING  THIS  UNIT 

A.  Kavanagh.  Barry  and  S.  J.  Glenn  Bird.  Surveying:  Principles  and  Applications.  Reston. 
VA;  Reston  Publishing  Co..  Inc.,  1984. 

B.  Brinker.  R.C.,  and  RR.  Wolf.  Elementary  Sun/eying,  7th  ed.  New  York;  Harper  &  Row. 
1984. 

C.  Kissam,  Phillip.  Surveying  Prac  ce,  3rd  ed.  New  York:  McGraw-Hill.  1978. 

SUPPLEMENTAL  REFERENCE  MATERIALS 

A.  Davis,  R.E..  RS.  Foote.  and  J.H.  Kelly.  Surveying,  5th  ed.  New  York:  McGraw-Hill,  1976. 

B.  Kissam.  Phillip,  Sun/eying  for  Civil  Engineers.  New  York.  McGraw-Hill,  1976. 

C.  Breed.  Hosmer  (Fang,  Barry).  Principles  and  Practices  of  Elementary  Surveying.  1 1  th  ed. 
New  York:  Wiley,  1977. 

D.  Pafford.  FW.  Handbooks  of  Survey  Notekeeping.  New  York:  John  Wiley  &  Sons,  1^2. 
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VERTICAL  IVIEASUREMENTS 
UNIT  IV 


INFORMATION  SHEET 


Terms  and  definittons 

A.  Backsight  (BS)  —  A  rod  reading  that  is  take  n  from  a  known  point  of  eleva- 
tion to  obtain  an  instrument  height 

B.  Bench  mark  (BM)  —  A  stationary,  relatively  permanent  object,  natural  or 
artificial,  having  a  marked  point  whose  elevation  above  or  below  an 
adopted  datum  is  known  or  assumed 

Cross  section  —  A  series  of  ground  elevations  taken  at  recorded  offsets 
wherever  existing  ground  change^  grade,  usually  taken  at  90^  offsets  to  the 
baseline  or  centerline  of  the  project 

D,  Elevation  ~  The  vertical  distance  from  a  datum,  usually  the  NGVD,  to  a 
point  or  object 

E.  Foresight  (FS)  —  A  rod  reading  that  is  taken  on  an  unknown  point  or  object 
to  obtain  its  elevation 

F  Height  of  instrument  ^Hl)  ~  The  exact  position  of  the  cross  hairs  of  a  level- 
ing instrument  above  a  known  point  in  a  specified  datum 

Horizontal  line  —  A  line  perpendicular  to  the  direction  of  gravity  or  parallel 
to  a  horizonta' 

H.  Level  line  ~  A  a  level  surface,  therefore  a  curved  line  (parallel  to  the 
earth's  curvaturt,, 

I  Mean  sea  level  (MSL)  —  The  avetage  height  of  the  sea's  surface  for  all 
stages  of  the  tides  over  a  19  year  period,  usually  taken  at  hourly  inten^als 
from  26  stations 

J.  National  geodetic  vertical  datum  (NGVD)  ~  The  nationwide  reference  sur- 
face for  elevations  of  the  United  States,  It  was  obtained  by  a  least  squares 
adjustment  done  in  1929.  A  readjustment  program  should  be  completed  in 
1987. 

K,  Parallax  —  The  apparent  displacement  or  the  difference  in  apparent  direc- 
tion of  an  object  as  seen  from  two  different  points  not  on  a  straight  line  with 
the  object 

(NOTE:  Parallax  occurs  when  the  cross  hairs  of  a  telescope  appear  to  travel 
over  the  object  sighted  when  the  eye  is  shifted  slightly  in  any  riirection.) 

L  Profile  —  A  surveyed  line  that  has  been  stationed  at  equal  intervals,  and 
elevations  of  each  interval  point  have  been  obtained 

M.  Temporary  bench  mark  —  A  relatively  stationary  object  that  can  be  found 
by  description  having  an  established  elevation  on  it,  such  as  a  fire  hydrant 
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N.  Turning  point  (TP)  -  A  stationary  point  used  to  tempofarily  transfer  the 
position  of  tht'  instrument  without  losing  its  reference  elevation 

O,  Vertical  datum  —  Any  level  surface  in  which  elevations  are  referred  to;  a  '•ef- 
erencing  system  of  point  elevations 

R  Vertical  line  —  A  line  that  follows  the  dift^ction  o1  gravity  as  indicated  by  a 
plumb  line 

II     Uses  of  iaveling  results 

A.  To  design  highways,  railroads,  and  canais  having  grade  lines  that  n  r^t  con- 
form  to  the  existing  topographical  surroundings 

B.  To  lay  out  construction  projects  according  to  engineered  plans 

C.  To  calculate  volumes  of  earthwork  in  various  types  of  construction 

D.  To  analyze  drainage  characteristics  of  an  area  of  land 

E.  To  develop  fnaps  showing  genera!  ground  configufalions 

III.     Theory  of  leveling  prcK:edures 

A-  The  surveyor  is  able  to  sight  through  a  telescope  at  a  graduated  rod  (in  feet 
or  meters)  and  determine  a  measurement  reading  at  a  point  where  the 
cross  hairs  in  the  telescope  intersect  the  rod 

B.      Leveling  has  two  purposes: 

1,     To  find  differences     elevations  t^etwoen  points  (Figure  1) 

n  FIGURE  1 


.06 

--^ . 

Point  A 


7^. 


|Hon/(>ntril  ijrtpt 


5.42 


L  i. 


Point  B 


Example;  Point  B:  5.4.?'  {roc  reading) 
Point  A;  .AM'  (rod  reatiinq) 
Difference:  4,36' 

Therefore;  Point  A  is  4  36  1ot;t  higher  than  Point  B. 
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2.     To  find  elevations  of  points  (Figure  2) 
FIGURE  2 


a"  •  b"  =  nifferenre  in  Elfrvotion  between  A  snd  S 


Example:  If  the  rod  reading  at  "A"  equals  6.27  ft  and  ihe  rod  reading 
at  "B"  equals  4.69  ft,  the  difference  in  elevation  between 
"A"  and  "B"  would  be:  6.27  -  4.69  -  1.58  feet. 

Had  the  elevation  of  "A"  been  451.27  ft  (above  f^St-),  then 
the  elevation  of  "B"  would  be  461.27  +  1.58  =  462.85  ft, 
that  Is: 

461.27'  (elev.  "A")  +  6.27'  (rod  reading  at  "A")  -  4.69'  (rod 
reading  at  "B")  =  462.85'  (elev.  "B") 
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Curvature  and  refraction  errors 

A,  All  leveling  instruments  are  referenced  to  a  h-^^'  zontal  line  and  all  vertical 
elevations  aie  based  on  a  level  line  of  sight,  harefore,  all  rod  readings 
taken  vwith  a  surveyor's  level  contain  a  curvature  error  "c"  over  a  distance 
"d". 

FIGURE  3 


Hor!?rintal  Lint? 


c  (S  Ihf!  amount  by  which  a 
level  line  and  a  hori?onta!  line 
diverge  over  distar.  c  i! 

(NOTE:  In  Fii^ure  3  the  curvature  of  the  level  line  has  been  greatly  exagger- 
ated to  better  illustrate  the  error  involved  with  this  leveling  process.) 

B.      Curvature  error  can  be  calculated  by  using  the  following  formula; 

(R  +  Cy  =  R  +  KA- 

R-  +  2RC  -f      =r  R-  +  KA- 

C  (2R  +  C)  =  KA- 

^  _   KA'    ^  KA- 
2R  ■i-'c'  2R 

Where  R     rnean  radius  of  earth  =  3969  miles  or  6370  km 
Example:  Take  2500  ft  as  KA: 

.  ^  .  ^  0.1495  ~  C 

2^3959  X  5280) 
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When  considering  tho  divergence  between  a  level  and  a  horizontal  line  of 
sight,  one  must  also  account  for  the  fact  that  all  sight  lines  refract  down- 
ward towards  the  earth's  surface.  Therefore,  ail  rod  readings  taken  with  a 
surveyor's  level  also  contain  a  refraction  error  "r"  over  a  distance  "d".  (Fig- 
ure 4) 

FIGURE  4 


Line  of  Sight 


O 


Refraction  is  generally  considered  to  be  approximately  one-seventh  that  of 
the  curvature  error  calculated  for  that  distance,  or  r  =  0.14c. 

in  Example  B  where  c  =  0.1496. 

r  =  0.14  X  0.1495  -  0.0209 

c     r  =  0.1495  -  0.0209  =  0,1286 

It  can  be  seen  from  the  calculations  above  that  cun/ature  and  refraction 
errors  are  relatively  small  even  at  large  distances.  (Tabie  1) 

Table  1 

Distance  (ft)  =  100  200  300  400  500  1(XX)  1  mile 
 (c  -  r)  ft  -  Q.OOO     0  001     0.002     0.003     0.005     0.020  0.574 

Distance  (m)  =     30        60       100       120       150       300      1  km 
(C  ~  r)  m  s=  U.0001   0.0002  0.0007    0.001     0.002     0.006  0.152 

The  accuracy  requirements  for  the  type  of  level  work  to  be  executed  will 
determine  whether  or  not  curvature  and  refraction  errors  must  be  calcu- 
lated. 
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V.      Malar  pisrts  of  a  IrveJ  (Transparency  1) 

(NOTE:  The  following  parts  are  for  a  "dumpy  }evor\  but  the  basic  partj^  are  quite 
similar  to  those  in  many  other  types  of  levels  ) 

A.  Telescope 

B.  Objective  focusing  pinion* 
C  Sunshade 

D  U  vel  vial 

E,  Level  bar 

F.  Clamp  screv^* 

G.  Spindle 

H,  Leveling  head 

I  Leveling  screws* 

J.  Base  plate 

K.  Tangent  screw* 

L.  Level  post 

M.  Level  adjusting  nuts* 

Eyepiece  focusing  ring* 

O.  Cross  hair  reticle  adjusting  screws' 

(NOTE:  Adjustment  components  are  starrerL) 
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Adjusting  parts  of  a  level 

FIGURE  f) 


Cross  Hair  Reticle 
Telescope  Tube  {also  focation  o!  focal  plane) 


1.  Hays  ot  liahl  -as:  thMiui^  thv^   ^^jO  'Uv*.  ivny. 

2.  This  then  fornis  un  h-ivrru-i  sntav',t  w.  Ihr  focal  plane 

3.  The  iniacjc?  tornu^d  ii  thet-^  MUtu^'h:"^;!  t^u'  wepu^cc  lenses  so  that 
the  irnacie  can  be  rU:,t^'^\  sc  ^-f, 

4.  The  oynpic'ce  Ir-nu^.  Skw^  U^.  ^..^  t(..;-  {^^;s,s  fuu/;^  ;v;iich  are  located  in 
the  leloF.GOpo  rd  Iht^  {■)rirh-i:i;3;  to*,  m::,  j^aiV' 

b.  The  focusinq  )^;ns  ^rio^Mtivo  irM-.^  v  an  i'f^  .idjustt'd  so  that  the  images 
of  varyiny  (jistanrnr.  .  ari  l^*  hrouuMt  .nlo  fc^cujb  in  the  plane  of  the 
rotJCie 

iNOTE:  Most  tek.sru(ji>jL>  tj*>rMvuir  ^  trUav  uivtjlve  additional  lenses  in 
the  eyepiece  a?;sernt^)v  iJu^t  u- /  invr^fe^i  nna^ie  can  be  vie^*"^d  as 
an  t?rect  image.  ThK  rn  nifnuM^  fi^.u^  5rhj  vj^Htancn  ranges  from  *t  6 
feel  depending  on  thf;  maMti^ii^iwM^f ) 

6-  The  cros^>  haus  can  be  tiMM  wMief-  ativK  tu:u  lo  a  cross  hair  ring,  or  as 
in  most  modern  c^quiprrK'nt  Uwy  ar*.  actual  lines  etched  on  a  circular 
Qiass  plate  enclosed  i>y  a  .rose  hasf  tlnq  nnjnsf)Ht**nny  ?) 

7.  The  cross  hair  tmg  {..Uginly  bm^tlht  ifian  the  diameter  of  the  tele- 
scope tube)  is  heki  \t\  !.ii:K:e  bv  4  capstan  screws  that  can  t>o  turned 
lo  adjust  the  cfusfi  hairs  u;.*  .ioAit  af >o  tvH  or  ricjht  if  the  instrument 
is  found  to  be  slightly  out  of  adjc  i.tinen!  (This  wii!  be  discussed  later 
in  this  chapter) 
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B.      Level  vial 

1.  Is  a  glass  tube  sealetl  at  both  ends  that  contains  a  sensitive  liquid 
such  as  alcohol  and  a  small  air  bubble  within  the  tube 

2.  The  tutie  is  graduated  with  uniform,  etched  markings  generally 
spaced  at  2/nm  apart  usod  to  accurately  determine  the  bubbles  posi- 
tion 

3.  The  "axis"  of  a  level  vtal  is  an  imaginary  longitudinal  line  tangent  to 
the  upper  inside  surface  at  it«  midpoint.  Therefore,  when  the  bubble 
is  centered  jn  its  run.  the  axis  should  be  a  horizontal  line.  See  Figure 
6 

FIGURE  6 


Axij  01  level  Via! 


4.  The  sensitivity  of  a  level  vial  is  directly  related  to  the  curvature  of  the 
glass  tube  used.  For  example,  the  larger  the  radius,  the  more  sensi- 
tive a  bubble. 

5.  Most  automatic  levels,  theodolites.  EDf^^l's  and  other  types  of  equip- 
r^ent  have  circular  tiubbles  rather  than  actual  glass  tubes,  but  sensi- 
tivity standards  have  yet  to  be  established  for  this  type. 

C.      Leveling  head 

1.  In  the  case  of  tfie  dumpy  level,  four  leveling  foot  ,;i,rews  are  utilized 
to  set  the  telescope  level, 

2.  The  screws  surround  the  center  bearing  of  the  instrument  and  are 
used  to  tilt  the  telescope  using  the  center  bearing  as  a  pivot  point. 

3.  The  telescope  tube  is  positioned  directly  over  tvwo  opposite  foot 
screw^s  and  moved  into  a  level  position  by  adjusting  the  two  screws, 
Keeping  both  of  them  snug  but  not  overly  tight. 

4.  Once  the  telescope  is  level  in  this  position,  it  is  moved  m  degrees, 
directly  over  the  other  two  foot  screws  and  the  process  is  repeated. 
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5.  After  the  telescope  is  level  in  the  second  position,  it  should  be  tun  J 
180"  to  check  the  bubble  vial  for  possible  error.  Minor  adjustments 
with  tfie  4  foot  screws  can  be  made  to  average  any  minimum  error  in 
the  tube.  See  Figure  7. 

FIGURE  7 


First  Position 


SocC'iti  Positmn 


VII.     Types  of  leveiing  equipment 

A.      Hand  level  (Figure  8) 

1.  Used  for  low-precision  Mng  vat 'ms  rough  checks  to 
level  work. 

2.  Consists  of  a  brass  tube  having  a  in  glass  objective  lens  and 
peep-stght  eyepiece. 

3.  A  small  level  bubble  mounted  above  a  siot  in  the  tube  is  viewed 
through  the  eyepiece  by  means  of  a  prism  or  45"  mirror.  A  horizontal 
line  extends  across  the  tube. 

4.  Is  normally  held  In  one  hand  and  leveled  by  raising  or  lowering  the 
objective  end  until  the  bubble  is  level. 

5.  At  this  point  the  target  can  be  viewed  through  the  eyepiece  and  com- 
pared to  the  vertical  position  of  the  eye  of  the  observer. 
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6.  Most  hand  levels  have  no  magnification  so  their  uses  are  quite  lim- 
ited. 

7.  Some  hand  levels  are  capable  of  obtaining  right  angles  which  makes 
them  convenient  tor  right-angle  offset  work. 

FIGURE  8 


B.      Dumpy  level  (Figure  9) 

1.  Has  a  telescope  firmly  attached  and  parallel  to  the  level  bar. 

2.  The  level  vial,  attached  to  the  level  bar,  remains  in  the  same  vertical 
plane  as  the  telescope  at  all  times. 

a  Was  at  one  time  used  extensively  on  all  engineering  works,  but  has 
since  been  replaced  in  many  engineering  capacities  by  more  sophis- 
ticated, modern  types  of  leveling  instruments. 

FIGURE  9 
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C.  Wye  level 

1.  Has  a  non-fix€>d  telescope  that  rests  in  Y-shaped  supports  called 
wyes. 

2.  Curved  clips  fasten  the  telescope  in  place. 

3.  Is  operated  like  the  dumpy  level,  but  is  simpler  to  adjust  because  the 
telescope  can  be  lifted  from  the  wyes  and  turned  end  for  end. 

4.  Is  now  almost  obsolete. 

D.  Tilting  level  (Figure  10) 

1.  Is  used  for  more  precise  work  and  for  many  general  purposes 

2.  A  bull's  eye  level  (circular  spirit  level)  is  utilized  for  quick  approximate 
leveling. 

3.  Exact  leveling  is  accomplished  by  adjusting  a  tilting  screw  to  tip  the 
telescope  about  a  fulcrum  at  the  vertical  axis  of  the  instrument,  with- 
out changing  the  height  of  the  instrument. 

4.  This  tilting  feature  increases  accuracy  and  saves  time  since  only  one 
screw  needs  to     adjusted  to  obtain  a  horizontal  line  of  sight. 

(NOTE:  Using  this  type  of  instrument,  one  can  ensure  that  the  tele- 
scope is  level  before  each  reading  is  taken.) 

6.  The  tilting  level  can  have  either  a  three-screw  leveling  head  or  a  four- 
screw.  Most  tilting  levels  used  are  of  the  three-screw  type,  for  ease  In 
leveling. 
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E.      SeiMeveling  or  automatic  level  (Figure  11) 

1 .  Employs  a  gravity  reference  prism  or  mirror  compensator  to  automat- 
ically orient  the  line  of  sight 

2.  Can  be  quickly  leveled  using  a  circular  spirit  level 

3.  Once  the  bubble  is  approximately  leveled,  the  compensator  will  take 
over  and  maintain  a  horizontal  line  of  sight,  even  if  the  actual  tele- 
scope is  slightly  tilted. 

4.  Extremely  popular  due  to  the  ease  in  setting  up  and  the  precision 
that  can  be  obtained  with  its  use 

(CAUTION:  All  automatic  levels  employ  a  compensator  of  some  type, 
either  freely  nKJving  prisms  or  mirrors  hung  by  fine  wires.  If  a  wire  or 
fulcrum  were  to  break,  it  may  not  be  detected  during  use;  therefore 
all  subsequent  rod  readings  would  be  incorrect.  The  operation  of  a 
compensator  can  be  verified  by  tapping  the  end  of  the  telescope  with 
your  finger  or  slightly  moving  a  level  screw  back  and  forth  causing 
the  line  of  sight  to  slightly  bounce.  This  can  be  easily  observed 
through  the  eyepiece.  If  movement  is  detected,  the  compensator 
should  normally  be  in  good  wort<ing  condition.) 

FIGURE  11 


Objective  Lens 


Sighting  Collimator 


line  of  Sfght  , 


Endless  Tangent  Dfhm 


Compensator  Optics 


Leveling  Base 


Adjustable  Lateral  Friction  Clutch 
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R  Tripods 

1.  Several  types  are  available  with  either  fixed  or  adjustable  legs. 

a.  Adjustable-ieg  tripods  have  an  advantage  in  setting  up  over 
rough  terrain  and  ease  in  storage. 

Fixed-leg  tripods  have  an  advantage  in  that  they  are  usually 
more  rigid  and  will  not  vibrate  quite  as  much  as  an  adjustable 
one. 

(NOTE:  A  sturdy  tripod  kept  in  gcKKl  working  condition  is  a 
necessary  part  of  obtaining  accurate  level  work.) 

2.  Leg  extensions  are  available  when  it  b^omes  necessary  to  set  the 
instrument  up  high  due  to  cornfields,  brush,  or  other  obstructions, 

3.  A  domed-head  tripod  has  become  popular  which  can  speed  up  the 
actual  leveling  up  procedures  normally  done. 

Types  of  level  rods 

A.  There  are  two  main  classes  of  level  rods- 

1.  Self-reading  rods 

a.  Are  read  by  the  instrument  operator  while  sighting  through  the 
telescope  and  noting  the  apparent  intersection  of  the  cross- 
hairs on  the  rod. 

Are  the  most  common  type. 

2,  Target  rods  (Transparency  3} 

a  Have  a  movable  target  that  is  set  by  the  rod  person  at  the  posi- 
tion indicated  by  signals  from  the  instrumer.t  operator. 

b.  Are  useful  on  long  sights  or  when  conditions  are  poor.  The  rod 
person  records  the  actual  reading. 

B.  One-piece  rods  are  used  for  more  precise  work,  with  an  'Mnvar"  strip  with 
graduations  held  in  place  under  temperature  compensating  spring  tension. 

C.  Rod  graduations  (Transparency  4) 

1.  Are  accurately  painted  with  alternate  black  and  white  spaces  0.01  ft 
wide. 

2.  The  0.1  and  0.(»  ft  marks  are  emphasized  by  spurs  extending  the 
black  painting. 

3.  Tenths  are  designated  by  black  figures  and  all  foot  mailis  by  red  num- 
bers, all  straddling  the  proper  graduation. 
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D. 
E. 


Most  Rtandard  knt  i  fods  can  be  read  accurately  with  a  level  at  distances  ud 
to  250  ft.  ^ 

Rod  ievcls  can  bp  used  fo  i^nsure  that  the  rod  is  being  held  plumb  when 
being  observed.  iFujiirp  )2) 

figure;  12 


IX.     Setting  up  a  leveling  instmment 

(CAUTION:  Always  take  care  when  using  level  rods  around  electrical  wires  and 
overhead  objects.  "Always  look  up.") 

A.      When  leveling,  as  opposed  to  transit  work,  the  instrument  can  usually  be 
set  up  m  a  relatively  convenient  location. 


B. 


D. 


If  the  instrument  must  bo  set  up  on  hard  surfaces  such  as  asphalt  or  con- 
crete, the  tripod  legs  should  be  spread  out  to  avoid  possibilities  of  knocking 
over  the  instrument  due  to  wind  or  an  unavoidable  bump. 

(NOTE:  If  possible,  place  one  or  two  of  the  leg  points  in  a  crack  of  the  pave- 
ment. This  will  add  stability.) 

When  setting  up  on  soft  surfaces,  the  tripod  is  first  set  up  so  that  the  tripod 
head,  or  top.  is  nearly  hori/ornai.  and  then  the  legs  are  firmly  pushed  into 
the  earth. 

(NOTE;  When  applying  pressure  on  each  foot  peg  to  set  the  tripod  leg,  you 
should  always  place  the  outside  edge  of  your  foot  against  the  tripod  leg 
and  apply  even  but  firm  pressure  downward,  not  short  or  jerking  motions.) 

On  hills  or  slopmg  ground  it  is  customary  to  place  one  leg  uphill  and  two 
legs  downhill;  the  instrument  person  stands  facing  up  hill  while  setting  up 
the  instrument. 
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If  a  four  screw  level  is  being  used,  the  correct  procedure  for  leveling  the  via! 
is  to  place  the  telescope  parallel  to  two  opposite  leveling  screv^s  and  adjust 
both  screws  simultaneously  until  the  bubble  Is  centered.  Then  rotate  the 
telescope  90**  over  the  two  untouched  screws  and  repeat  the  procedure. 
This  process  may  need  to  be  repeated  again  by  rotating  180®  for  fir^e  adjust- 
ments. 


(NOTE:  One  rule  to  remember  when  adjusting  four-screw  instruments  is  to 
always  move  opposite  screws  in  opposite  directions,  "thumbs  in  —  thumbs 
out"  rule.  The  level  bubble  always  moves  in  the  direction  that  the  left  thumb 
Is  moving.  Never  readjust  the  level  vial  between  the  backsight  and  foresight 
reading.) 


FIGURE  13 


Plate 


Leveling  Screws 


\ 


Center  Line 
of  Telescope 


F  When  using  a  three-screw  level '  istrument,  any  of  the  leveling  screws  can 
be  manipulated  at  one  time  independently  of  the  others,  although  most 
experienced  sun^eyors  often  manipulate  2  of  the  screws  at  the  same  time. 
Once  the  (bul)^  eye)  circular  bubble  has  been  leveled,  the  instrument  can  be 
revolved  to  check  that  the  bubble  remains  centered. 

G.  Once  the  level  has  t^en  set  up  and  properly  leveled  preparation  for  the  rod 
reading  can  take  place. 

(NOTE:  Take  care  not  to  jolt  or  lean  on  the  tripod  after  leveling  the  instru- 
ment,) 

Proper  field  procedures  to  establish  an  elevation  of  an  unknown  point 

A.  Remove  the  instrument  from  its  container  by  lifting  the  level  bar  or  base, 
not  by  grasping  the  telescope. 

B.  Swurely  attach  'he  level  to  the  tripod  and  transport  to  the  initial  set  up 
point 

(NOTE:  The  safest  way  to  transport  a  level  is  in  its  contairrer  but  if  proper 
care  is  taken  while  working  level  circuits,  this  is  not  necessary.  The  instru- 
ment, once  securely  f  asteried  to  the  tripod,  may  be  placed  over  the  should':.r 
of  the  observer  but  preferably  held  in  an  upright  position  and  moved  on  up 
to  the  next  setup.  Care  taken  when  walking  under  trees  or  through  heavy 
bmsh  should  be  a  top  concern  of  any  Instrument  person  when  progressing 
to  the  next  setup.) 
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C.      Set  up  the  Instrument  midway  betw€;cn  point  A  and  point  B.  and  level  it  up. 
{Figure  14) 


FIGURE  14 


R,  B 

Elevation:  Unknown 

(NOTE:  Point  A  is  an  established  point  of  elevation.  All  types  of  leveling 
methods  must  start  from  either  a  point  of  known  elevation  or  In  some  cases 
a  point  with  an  assumed  elevation  possibly  in  a  local  datum.) 

D.  Once  the  Instrument  is  positioned  and  leveled  up,  take  a  rod  reading 
towards  point  A  by  having  the  rod  person  place  the  leveling  rod  dirBCtly  on 
the  point  of  known  elevation.  (Figure  15) 


FIGURE  15 


R.  B 


1.  The  rod  person  must  hold  the  level  rod  In  a  vertical  position  by  using 
a  circular  level  bubbln  or  by  balancing  the  rod  lightly  between  the  fin- 
ger tips. 

2.  A  mors  common  method  of  assuring  that  the  reading  is  taken  when 
the  rod  is  held  vertical  is  referred  to  as  "waving"  or  "rocking"  the  rod, 
where  the  rod  person  slowly  waves  the  rod  ahead  or  towards  the 
Instrument  and  then  back  past  the  vertical  point,  "mis  is  done  repeat- 
edly until  the  Instrument  person  signals  that  the  proper  rod  reading 
has  been  recorded. 
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3.  The  Instrument  observer  must  carefully  view  the  rod  during  this  rock- 
ing motion  and  pinpoint  the  lowest  possible  rod  reading.  It  is  at  this 
point  that  the  rod  is  at  its  most  vertical  position.  (Figure  16) 

FIGURE  16 


E.  With  most  methods  of  leveling,  this  initial  rod  reading  taken  from  a  known 
point  is  regarded  as  a  "backsight"  or  a  "plus"  shot  and  is  recorded  In  the 
backsight  column  of  the  field  notes.  (Figure  17) 

FIGURE  17 
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F.  After  carefully  observing  Point  A  and  reconJing  the  rod  reading  (in  this  case 
5.02),  the  Instrument  person  signals  to  the  rod  person  to  proc^d  to  Point  B 
by  moving  both  arms  above  his  head  and  then  down  to  his  side. 

(NOTE:  Proper  technique  is  to  record  the  reading  in  the  field  book  and  then 
signal  the  rod  person  to  move  on.) 
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Once  the  rod  person  has  reached  Point  B,  the  observer  rotates  the  tele- 
scope and  focuses  the  cross  hairs  on  the  level  rod  presently  resting  on  the 
point.  {Figuns  18) 

1.  The  rod  person  once  agai  must  position  themselves  behind  the 
level  rod  and  begin  waving  ine  rod  slowly  until  an  accurate  rod  read- 
ing, referred  to  as  a  "foresight"  or  "minus"  shot,  has  been  taken. 

2.  The  observer  carefully  reads  the  lowest  number  that  the  cross-hair 
Intersects  with,  and  records. 

FIGURE  18 


Pt.  B 

Elevation:  Unknown 


H. 


This  rod  reading  c  r  foresight  should  be  recorded  in  the  proper  column  of  the 
field  notes,  usually  checked  again,  and  then  the  observer  will  signal  the  rod 
person  that  they  are  finished.  (Figure  19) 

FIGURE  19 
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I,       At  this  point,  the  elevation  of  Point  B  can  be  caicutated,  using  the  following 
steps: 

1,     The  backsight 

a*  5.02  must  be  added  to  the  known  elevation  of  Point  A,  1216.49, 
to  determine  the  actual  elevation  of  the  cross  hairs  of  the 
instrument  known  as  the  height  of  instrument  (H.L).  (Figure  20) 

1216.49  Elevation  of  Pt.  A 

5.02  Backsight  Bod  Reading 
1221.51   Height  of  Instrument 


FIGURE  20 


Pt.  "A" 


b.      The  height  of  the  instrument  is  recorded  in  the  column 
referred  to  as  the  H.I.  column.  (Figure  21) 

FIGURE  21 
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The  foresight 

a      8.64  must  then  be  subtracted  from  the  H.l.  to  determine  the 
actual  elevation  of  Point  B.  {Figure  22) 

1221.51    Height  of  Instrument 
-  8.64    Foresight  Rod  Reading 
1212.87    Elevation  of  Pt.  B 

FIGURE  22 


8.64 


Pt.  B 


b.  The  elevation  of  Point  B  is  placed  in  the  far  right  column 
labeled  "ELEVATION"  and  is  on  the  same  line  as  Point  B  writ- 
ten in  the  first  column  used  to  describe  information  regarding 
that  "station."  (Figure  23) 

FIGURE  23 
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J.  )n  many  cai^s  (due  to  large  vertical  or  horizontal  distances),  several  inter- 
mediate setups  must  be  made  to  get  to  the  actual  point  in  which  the  eleva- 
tion is  n^ed.  The  procedure  is  identical  In  every  way,  except: 

1.  Interrrwdiate  points,  caH«J  "turning  points,"  must  be  established 
with  known  elevations. 

(NOTE:  Great  care  should  be  taken  when  choosing  each  location  for 
a  turning  point.  It  should  be  stable,  easy  to  define,  and  convenient  for 
both  instrument  sightings,  the  foresight  and  backsight.) 

2.  After  each  6eiup  is  completed,  a  backsight  is  then  taken  on  the  pre- 
vious  "turning  point**  to  establish  a  new  height  of  instrument. 

a  Next,  another  turning  point  is  established  to  enable  yet  another 
Instrument  set-up. 

4.  This  process  is  repeated  until  an  accurate  rod  reading  (foresight)  can 
be  observed  on  the  point  of  which  an  elevation  Is  needed.  (See  Fig- 
ure 24) 

FIGURE  24 
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Standard  rules  for  note  keeping  (Transparency  6) 

A.  All  recording  is  done  in  pencil. 

B.  Absolutely  no  erasure  marks  are  made  on  data  entnes. 

1.  !f  a  reading  is  recorded  incorrect'y.  a  sinple  line  shou'ri  be  placed 
through  it  and  the  correct  value  should  be  written  direcDy  above  it. 

2,  Evidence  of  erasure  marks  indicates  possible  error  in  the  work  per- 
formed or  a  forced  closure 

C.  Pages  should  all  be  numbered  as  work  progresses. 

D.  Each  project  should  be  labeled.  (Figure  25) 

1.  Type  of  survey  work 

2.  Project  name 

3.  Project  location 

4.  Project  number  or  identification  f. umber 

5.  Names  of  ail  crew  members  and  their  duties 

6.  Date  work  took  place 
FIGURE  25 
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E.      Weather  conditions  should  be  noted. 

1.  Tempe  ature 

2.  Wind  conditions 

3.  Othe^  conditions  such  as  rain,  fog,  diizzle,  snow,  etc. 
F      Type  of  instrument  used  should  t>e  noted. 

G.  Hand  copying  of  any  field  notes  is  prohibited. 

H.  AH  reductions  of  field  notes  should  be  in  ink  or  red  pencil. 
Various  applications  of  level  work 

A.  Differential  leveling  (Transparency  7) 

1.  Used  to  determine  differences  in  elevation  between  points  that  arc 
remote  from  each  other 

2.  Often  referred  to  as  bench  mark  leveling 

3.  Backsights  and  foresights  should  be  kept  as  close  to  equal  in  hori- 
zontal length  as  possible. 

4.  Double-rodded  lines  of  levels  can  be  used  on  extremely  accurate 
work,  in  which  two  turning  points  are  established  for  each  setup, 
with  two  level  rods  being  used  and  reading^  recorded  in  separate 
note  form  columns. 

5.  Three-wire  leveling  can  be  done  when  performing  precise  differential 
leveling  which  Involves  reading  all  three  cross  wires  (top,  middle,  and 
bottom)  and  averaging  the  three  to  obtain  a  better  value. 

B.  Reciprocal  leveling  (Transparency  8) 

1.     Used  when  equal  backsights  and  foresights  cannot  bt  obtained. 
Example;    Over  rivers,  lakes,  and  canyons 
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2  The  instrument  is  set  up  at  Point  X  near  Point  A.  and  rod  readings  are 
taken  at  Point  A  and  Point  B.  Several  readings  are  taken  due  to  the 
distance  of  X-B.  Once  recorded,  ttie  instrument  is  relocated  at  Point  Y 
and  the  process  is  repeated.  (Figure  26) 

FIGURE  26 
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3.  The  tv^  o  differences  in  elevation  between  A  and  B  determined  from 
Point  X  and  Y  will  normally  not  be  identical.  An  average  of  the  two 
can  be  obtained,  thus  minimizing  curvature  and  refraction  errors 
along  with  any  small  instrument  errois. 

C.      Profile  leveling  (Transparency  9) 

1.  Used  on  route  surveys  for  highways  or  pipelines  where  elevations 
are  needed  at  specific  intervals 

2.  A  base  lino  is  established  with  ^'stations''  or  points  marked  aiong  the 
line  that  can  be  easily  found. 

3.  Rod  shots  are  then  taken  along  each  of  the  stations  and  at  any 
abrupt  change  in  existing  grade  that  may  occur  in  between  the  sta- 
tion intervals.  {Figure  27) 

Example:    Every  25  ft  or  50  ft 

FIGURE  27 


STATIONS 


8^191 


INFORMATION  SHEET 


4,  Norma!  turning  points  arc  sot  a1  401M>tK)  ft  intervals  os  the  profile  of 
base  Ime  readinn  proQresses. 

5.  Once  the  end  of  the  desired  protiie  is  reached,  normal  benchmark 
leveling  is  implementrd  to  return  the  complete  love!  circuit  to  the 
beginning  point,  unless  a  point  of  known  elevation  has  been  prevf 
ously  established  near  the  end  of  the  profile, 

{NOTE:  Readings  on  paved  surfaces  such  as  concrete  roadways, 
curbs,  and  sidewalks  are  read  to  the  nearest  0.01  of  a  foot,  while  rod 
shots  on  the  ground  can  be  read  to  the  nearest  0.1  of  a  foot.  Regard- 
less, all  foresights  and  backsights  on  turning  points  are  always  read 
to  the  nearest  0.01  of  a  foot.) 


D.      CrosS'Section  leveling  (Tfansparcncies  10  and  11) 


1.  Commonly  impiementeci  along  with  profile  leveling 

2.  While  profile  leveling  obtains  elevations  along  a  straight  base  line, 
cross-section  level  work  is  used  to  obtain  elevations  at  certain  right- 
angle  or  90-degree  offsets  from  the  stationed  profile  line. 

3.  The  offset  distances  right  or  left  of  the  base  line  are  determined  by 
the  shape  of  the  existing  terrain. 

Example:    Rod  readings  are  taken  at  any  defintte  change  in  slope. 

4.  Cross- sections  are  commonly  used  to  determine  earth  quantities 
thet  might  bo  needed  during  ttie  construction  of  the  project,  or  actual 
areas  of  a  ditch  or  swale  that  might  be  used  in  a  potential  drainage 
study,  (Figure  28} 

FIGURE  28 
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Barometric  leveling 

1 .  A  special  barometer  or  surveying  altinneter,  an  instrument  that  mea- 
sures air  pressure,  can  be  used  to  find  relative  elevations  of  points 
on  the  earth's  surface.  {Figure  29) 

FIGURE  29 


2.  Particularly  suitable  for  work  in  rough  ten-aln  where  standard  leveling 
procedures  would  be  extremely  costly 

3.  Can  be  us9d  where  extensively  large  areas  need  to  be  coveiBd  and 
high  order?,  of  accuracy  are  not  required 

4.  In  stable  weather  conditions,  accuracies  of  up  to  ±  2  to  ±3  ft  are  pos- 
sible. 
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Trigonometric  leveling 

1  Used  to  determme  the  elevation  of  a  point  by  measuring  the  inclined 
or  horizontal  distance  between  tw?o  points,  and  recording  the  vertical 
angle  to  one  point  from  a  hori.-ontal  plane  through  the  other  point. 
(Figure  30) 

FIGURE  30 


2.  Thus,  in  Figure  3Q,  if  the  slope  distance  AB  or  DC  and  the  vertical 
angle  EDC  are  measured,  then  the  difference  in  elevation  between  A 
and  B  is  EC  =  DC  sine  EDC. 

(NOTE:  If  the  horizontal  oistance  is  determined  (D-E),  the  equation 
then  involves  the  tangent  function  rather  than  sine.) 

C«.     Commonly  used  in  topographic  work  and  over  very  rugged  terrain 

4,  For  very  long  distances  curvature  and  refraction  errors  must  t>e  elimi- 
nated. 

Borrow  pit  leveling  (Transparency  12) 

1.  Commonly  used  to  determine  the  volume  of  material  "l>orrowed"  or 
transported  to  the  construction  site 

2.  Rod  readings  are  taken  either  by  the  cross-section  method  or  by  a 
possible  grid  system  layout  over  the  existing  or  original  ground 
where  excavation  will  take  place. 

3.  As  excavation  commences,  additional  readings  are  taken  for  top  and 
bottom  '  excavation  limits. 

4.  Remove !  quantities  can  then  be  calculated  by  comparing  these  rod 
readings  to  the  original  elevations  before  excavation. 
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Xfll     Duties  of  survey  crew  members 

A.  Survey  party  chief 

1.     Obtains  nocesb.ary  information  prior  lo  leaving  the  office  for  the  sur- 
vey site. 

2     Discusses  proper  surveying  procedures  with  survey  crew  prior  to 
arriving  at  the  location. 

Examples:   What  needs  to  be  done,  how  the  information  should  be 
obtained,  special  precautions  to  be  followed 

3.  MainUiins  daily  logs,  reports,  and  vehicle-use  records. 

4.  Keeps  orderly  neat  field  notes  while  work  is  being  performed. 

B.  ln*,t rument  person  (observer! 

1.  Takes  care  of  surveying  instruments. 

2.  Checks  that  ail  battery  packs  are  charged. 

3.  Is  responsible  for  accurate  readiness  taken  while  performing  survey 
work. 

C.  Rod  person 

1      Takes  care  of  all  inisceiianeous  equipment. 

2.  Stores  ail  equipment  prior  to  leaving  the  site 

3.  Cleans  all  level  roiJs,  tapes,  etc. 

4.  Marks  turning  points  and  bench  marKS. 
XIV.     Sources  of  errors  in  leveling  (Transparency  13) 

A.      Instrumental  errors 

1     Not  in  proper  adji«stment 

2.  Cross  hairs  not  exactly  horirontal 

3.  Level  rod  not  correct  len^^th 

4.  Tripod  leg  loose  or  nu.  securely  set  in  ground 

1  f 
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B,      Natural  errors 


1 

f  • 

2. 

Refraction  of  the  line  of  sight 

3. 

Temperature  variations  on  the  leveling  via 

4. 

Stron^l  or  gusty  winds 

5- 

Settlement  of  the  instrument 

6 

Settlement  of  a  turning  point 

7. 

Traffic  and  equipment  vibration 

C.      Personal  errors 

1.  Bubble  not  properly  centered 

2.  Parallax  (improper  focusing  on  a  point) 

(NOTE:  To  eliminate  parallax,  the  observer  must  adjust  the  objective 
lens  (or  focus)  on  the  object  sighted,  or  adjust  the  eyepiece  lenses 
(cross-hair  focus)  while  viewing  a  white  piece  of  paper  held  in  front  of 
the  telescope,  This  process  may  need  to  be  repeated  several  times  to 
correct  the  problem  completely.) 

3.  Faulty  roo  readings 

4.  Improper  rod  handling 

5.  Target  setting 
Common  mistakes  while  ieveiing 

A.  Use  of  an  improperly  graduated  rod 

1.  Extremely  worn  at  the  joining  sections 

2.  Worn  graduations 

B.  Holding  the  rod  in  different  locations  during  a  turning  point 

{NOTE:  Proper  selection  of  turning  points  and  where  the  rod  will  be  held  is 
extremely  Important  and  will  greatly  decrease  the  chances  of  a  level  circuit 
not  closing  accurately.) 

1 .  Pick  well-defined  points  to  turn  on 

2.  Mark  turning  point  with  keel  or  marking  crayon  if  possible 

3.  Remain  in  same  location  while  the  instrument  is  being  moved 


196 


INFORMATION  SHEET 


C.  Reading  a  toot  too  high 

1.  The  incorrect  foot  mark  is  within  close  vision  of  the  cross  hair. 

2.  Noting  the  footmarks  above  and  below  can  eliminate  this. 

D.  Reading  a  stadia  hair  -  Accidentally  focusing  on  the  upper  or  lower  stadia 
hair  when  taking  a  reading 

E.  Recording  notes 

1.  Writing  figures  in  wrong  co'umns 

2.  Arithmetic  errors  when  checking 

3.  Tranr-posing  digits  when  recording 

F.  Touching  tripod  during  reading  process 

1.  Ctommon  to  beginners  to  put  a  hand  on  a  tripod  leg  when  viewing  the 
rod.  then  removing  It  when  checking  the  level  bubble 

2.  Keep  both  hands  at  the  side  or  behind  your  back  to  help  eliminate 
this  problem. 

3.  Never  straddle  a  tripod  leg  once  the  instrument  is  leveled. 
XVI.     Minor  field  adjustments  (Peg  test) 

(NOTE.  Minor  field  adjustments  are  used  to  check  that  the  line  of  sight  through 
the  telescope  is  horizontal  or  parallel  to  the  axis  of  the  level  bubble.) 


FIGURE  31 
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Place  two  stakes  at  a  distance  of  200  to  300  ft  apart. 
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Set  the  levnl  up  between  the  stakes  at  approximately  the  mid-way  point. 
Rod  readings  are  taken  at  both  points  and  recorded  (Figure  32) 

PIGURF.  32 
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Move  the  level  to  one  of  the  points  (A)  and  set  up  so  the  eyepiece  of  the  tele- 
scope just  touches  the  level  rod  being  held  plumb  over  Point  A. 

(NOTE:  Rather  than  sotting  up  this  close  to  Point  A.  the  instrument  can  be 
set  up  a  shct  distance  from  Point  A  (8-10  fi,  so  that  an  actual  reading  can 
be  obtained  at  Point  A  rather  than  using  a  pencil  a<?  discussed  later  in  "D".) 

Take  readings  at  both  Points  A  and  B  and  record. 

(NOTE;  The  telescope  can  be  viewed  backwards  when  sighting  Point  A  due 
to  the  close  setup  causing  it  impossible  to  focus  on  the  rod  normally,  tiiere- 
fore  reading  a  can  be  determined  by  moving  a  pencil  point  slowly  up  and 
down  the  rod  See  Figure  33.) 


FIGURE  33 


Determine  the  amount  of  error  in  the  horizontal  axis  by  subtracting  the  two 
original  rod  readings  from  each  other  and  comparing  it  to  the  difference  in 
the  second  set  of  rod  readings. 


Elintinate  the  error  by  removing  the  adjusting  screw  cover,  and  if  necessary 
adjust  the  capstan  screws  until  the  correct  rod  read  intersects  the  cross 
hairs. 

(NOTE:  This  procedure  is  quite  simple  and  should  become  standard  prac- 
tice by  any  trained  surveyor.) 
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Source 

Type 

Cause 

Procedure  to 
Eliminate  or  Reduce 

Instrumental 

Systematic 

Line  of  sight  not  parallel  to 
axis  of  level  tube 

Rod  not  standard  length 
(throughout  length) 

Adjust  instrument;  balance 
Sum  of  t>acksight  and  foresight 
distances 

Standardize  rod  and  apply  cor- 
rections, same  as  for  tape 

Personal 

Random 

Parallax 

Bubble  not  centered  at 
instant  of  sighting 

Rod  not  held  plumb 

Faulty  reading  of  rod  or  set- 
ting of  target 

Faulty  turning  points 

Focus  carefully 

Check  bubble  t^fore  making 
each  sight 

Wave  the  rod,  or  use  rod  level 

Check  each  reading  before 
recording;  for  self-reading  rod 
use  fairly  short  sights 

Choose  definite  and  stable 
points 

Natural 

Random 

Temperature 

Shield  level  fn^m  sun 

Systematic 

Earth's  cun^ature 

Balance  each  backsight  and 
foresight  distance;  or  apply 
computed  correction 

Random 

Variations  in  atmospheric 

f  oil  C&Lf .  IlJl  1 

Same  as  for  Earth'fe  curvature; 

;)l^n  tnkp   Rhnrt  <%inhtR  well 

above  ground,  and  take  back- 
sight and  foresight  readings  in 
quick  succession 

Systematic 

Settlement  of  tripod  or  turn- 
ing points 

Choose  stable  locations;  take 
backsight  and  Joresight  read- 
ings in  quick  succession  pref- 
erably alternating  order  of 
sights 

TM  13 
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UNIT  IV 


ASSIGNMENT  SHEET  #1  -  READ  VARIOUS  TYPES  OF  LEVEL  RODS 


Directions:  Accurately  read  the  rod  readings  that  appear  at  the  center  cross-hair  on  each  of 
the  problems.  Record  your  answers  in  the  blanks  provided. 

Example: 


/  Cross 

m 

ii 

1  Hair 

m 

8 

3.93 
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ASSIGNMENT  SHEET  #2  -  ENTER  FIELD  DATA 
IN  STANDARD  FIELD  BOOK  FORM 


Cireclions:  From  each  of  the  "plan  views"  of  level  circuit  runs,  complete  the  proper  field 
notes  for  each  problem.  Enter  ail  survey  data  on  the  proper  columns  provided  in  the  standard 
field  note  forms. 

(NOTE:  Along  each  line  is  a  rod  reading  that  resulted  from  that  sight.  The  numt>ering  of  the 
TPs  indicates  the  direction  of  progress.) 

Show  the  arithmetic  check  on  each  problem  and  record  the  circuit  error  on  the  line  provided. 
"Example:  .       jp  i 


BM  5 
48.29 


BM 


LEI77  BZ 


BENCH  CIRCUIT  OF: 


STA 
BM  5 

TP  1 

TP  2 

BM  12 

TP  3 

BM  5 


B5 
7.48 

3.98 

9.82 

8.63 

1.48 


31.39 


HI 

55.77 
57.11 
58.29 
59.28 
58.52 


FS 

2.64 
8.64 
7.64 
2.24 
10.26 


31.42 


ELEV 

53.13 
48.47 
50.65 
57.04 


46.26 
.03  IX)W 


48.29 


48.29 


L 


CP    Bill  T 
TT  TedC. 
p    John  R. 

6/16«4 
Sunny 
Hot  89" 

Circuit  error 
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VERTICAL  MEASUREMENTS 
UNIT  IV 


ANSWERS  TO  ASSIGNMENT  SHEETS 


AKSinnmont  Shoot  n^ 


1. 
.?. 
3 
4. 
5. 


4.B9 
1.04 
2.01 
1.94 
1.16 


6 
7. 
8. 
9. 
10. 


1.43 
1.10 

2.016  (m) 
1.74 


Assignmonf  Shoot  ft2 
Problem  1 


STA  BS 


BM  2 


HI 


74.63 


TP  1      8.11   b;  74     2.79  79.95 


TP  2      4.78   84.73     2.61  82.12 


IBM  7      5  48     87.G     9.64  77.95 


TP  3      4.55  82.51    10.48  72.03 


'HM2      ari   78.56     3.93  74.&3 


29.4!;, 


29.45 


Circuit  Error . 
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Problem  2 


ANSWERS  TO  ASSIGNMENT  SHEETS 


STA 

BS 

HI 

FS 

ELEV 

BM  15 

71.58 

TP  1 

3.78 

75.36 

8.12 

67.24 

TP  2 

9.17 

76.41 

4.64 

71.77 

BM  3 

8.68 

80.45 

1.74 

78.71 

TP  3 

2.43 

81.4 

4.15 

76.99 

BM  15 

6.73 

83.72 

12.12 

76.60 

30.79 

30.77 

Circuit  Error 


.02 


Problom  3 


STA  BS  HI  FS  El.EV 

BM  8  82.78 

TP  1  2.64  85.42  6.48  78.94 

BM20  5.77  84.71  9.83  74.88 

TP  2  6.03  80.91  4.76  76.15 

3  7.54  83.69  4.65  82.77 

31.43  31.44 


Circuit  Error  "^0.1 
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Probleri!  4 


STA  BS 


BM  2 


HI 


FS  ElEV 


52.16 


TP  1      8.60   60.76     7.92  52,84 


TP  2      4  57   57.41     5.23  52.18 


BM  6  7  24  59.42  8.42  51.00 
TP  3  3.64  54.64  8.14  46.50 
BM  2     6.78   53.28     1.13  52,15 


30,83 


30.84 


Problotn  5 


Circuit  Error 


STA  BS 


BM  10 


HI 


FS  ELEV 


62.38 


TP  1      7.43   69.81     7.23  62 


TP  2      1.50   B4  0B     2.71  61.37 


BM30   10,13   71,50     864  62.86 


TP  3      9.48   72.34     6.95  65.39 


BM  10     5.43   70.82     8.43  62  39 


33.97 


33.96 


Circuit  Error  .. 
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VERTICAL  MEASUREMENTS 
UNIT  iV 


JOB  SHEET  #1  —  MAKE  MINOR  FIELD  ADJUSTMENTS 
TO  LEVELING  INSTRUMENTS  (PEG  TEST) 


A,     Tools  and  materials 


1. 

Surveying  level 

2. 

Tripod 

3. 

Level  rod 

4. 

100  ft  tape 

5. 

Hammer 

6. 

V\fooden  stakes,  2 

7. 

Field  bcwk 

8. 

Pencil 

B.  Procedure 

1.  Place  two  stakes  200'  to  3(X)'  apart  on  level  ground, 

2.  Secure  the  level  to  the  tripod. 

3.  Set  up  the  instrument  at  approximately  the  mid-way  point  t>etween  the  stakes. 

4.  Record  each  of  the  readings  in  tiie  field  book  for  each  of  the  two  stakes.  (Figure 


FIGURE  1 


3.94 


4.41 


Stake 
*B" 
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5.  Move  the  instrument  to  Point  A  and  set  up  so  the  eyepiece  almost  touches  the 
rod  when  held  on  Point  A. 

(NOTE:  The  instrument  can  t>e  set  up  8-10'  away  from  Point  A  so  that  it  can  be 
focused  and  a  reading  obtained.) 

6.  Read  the  rod  reading  at  Point  A  by  slowly  moving  a  pencil  along  the  graduations 
while  viewing  the  rod  backwards  through  the  telescope.  Rotate  the  telescope 
toward  Point  B  and  read  the  center  hair  reading.  Record  both  readings.  (Figure  2) 


"B" 


7.  Subtract  the  first  two  readings  that  were  obtained  while  positioned  in  the  middle 
from  each  other  to  determine  the  difference  in  elevation. 

Example:      4.41    Reading  @  F  oint  B 

-  3.94   Reading  @  Point  A 

.47   Difference  in  elevation 

8.  Sub '  act  the  second  set  of  readings  from  each  otner  to  determine  the  difference 
whiie  sighting  at  unequal  distances. 

Example:      4.65   Reading  @  Point  B 

-  4.16    Reading  @  Point  A 

.49   Difference  In  elevation 

(NOTE:  If  the  difference  Is  the  same  in  both  set  ups,  the  instrument  Is  in  good 
adjustment;  if  not,  the  difference  In  the  two  sets  of  readings  is  equal  to  the  instal- 
ment error.  This  error  can  be  adjusted  out  by  a  slight  adjustment  to  the  cross 
hairs.) 

9.  Remove  the  adjusting  screw  cover  from  the  eyepiece  of  the  level  using  the  4  cap- 
stan screws  beneath  the  ring. 

1 0.    Slowly  adjust  the  horizontal  cross  hair  until  the  desired  reading  Is  intersected  by 
the  cross  hairs. 

(NOTE:  This  maneuver  requires  adjusting  the  top  and  bottom  capstan  screws. 
Alwa^  loosen  the  opposite  one  before  applying  tension  to  the  other  screw.  \bur 
instructor  should  be  present  during  this  process  when  making  your  first  attempt 
\o  adjust  an  Instrument.) 
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JOB  SHEET  #1 

11    Once  the  desired  reading  is  set  into  the  instrument,  the  cross  hair  ring  can  be 
replaced. 

(NOTE:  The  last  adjustment  to  any  capstan  screw  should  t>e  one  of  a  tightening 
nature,) 

12.  Put  the  instrument  away  into  Its  storage  case, 

13.  Pick  up  ail  equipment. 

14.  Store  equipment  in  proper  locations  previously  assigned  by  the  the  instructor. 


VERTICAL  MEASUREMENTS 
UNrr  IV 


JOB  SHEET  #2  ~  PERFORM  A  COMPLETED  LEVEL  CIRCUIT 
USING  THE  DIFFERENTIAL  LEVELING  PROCESS 


Ibols  and  materials 


1. 

Instrument  level 

2. 

Wooden  tripod 

3. 

Level  rod 

4. 

Field  book 

5. 

Pencil 

6. 

Paint  or  keel 

Procedure 

(NOTE:  A  bench  mark  to  begin  this  circuit  will  be  provide  by  the  Instructor,  along  with 
the  description  of  the  point  for  which  an  elevation  is  to  be  established.) 

1.  Remove  instrument  from  Its  case  and  fasten  to  tripod. 

2.  Set  up  instrument  approximately  150-^  ft  from  the  given  bench  mark. 

3.  Level  up  Instrument  as  previously  outlined, 

4.  Focus  instrument  at  beginning  bench  matk  and  determine  center  hair  reading. 

5.  Record  rod  reading  in  appropriate  column  of  the  field  book. 

(NOTE:  This  first  reading  is  a  backsight  towrards  a  known  elevation,  thus  It  should 
t)e  located  in  the  second  column  of  the  field  notes.  See  Transparency  6.) 

6.  Turn  instalment  scope  towards  the  next  point,  or  turning  point. 

(NOTE:  Instrument  person  should  signal  that  this  will  be  a  turning  point,  there- 
fore Indicating  to  the  rod  person  to  find  a  permanent  point  to  "turn"  on.) 

7.  Focus  the  objective  lens  on  the  level  rod  and  determine  the  center  hair  reading. 

8.  Record  the  rod  reading  In  the  appn^priate  column  of  the  field  book. 

(NOTE:  This  rod  reading  is  a  foresight  toward  a  turning  point,  and  should  be 
located  in  the  fifth  column  of  the  field  notes.  See  Iransparency  6.) 

2'lil 
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JOB  SHEET  #2 

9.     Motion  to  the  rod  person  that  this  is  a  turning  point  by  raising  one  arm  and 
slowiy  rotating  it  in  a  circular  motion. 

10.  Pick  up  the  instmment  by  the  tripod  legs  and  move  on  up  the  circuit  tow  ard  the 
point  of  which  a  tjench  mark  is  required  to  set. 

1 1.  Locate  the  instrument  approximately  150-200  ft  past  the  turning  point  previously 
set. 

12.  Level  up  instrument. 

13.  Focus  cross  hairs  on  level  rod  while  positioned  on  previous  turning  point. 

14.  Record  rod  reading  (backsight)  in  appropriate  column  of  field  book.  See  Transpar- 
ency 6. 

15.  Signal  rod  person  that  you  have  completed  that  rod  shot. 

16.  Rotate  instrument  scope  toward  next  tur  ling  point  to  be  established. 

17.  Focus  cross  hairs  on  level  rod  now  positioned  on  this  point. 

18.  Record  rod  reading  (foresight)  In  the  appropriate  column  of  the  field  book. 

19.  Signal  rod  person  that  this  shot  is  a  turning  point. 

20.  Pick  up  instrument,  and  proceed  up  the  circuit  toward  bench  mark  to  be  estab- 
lished. 

21.  Repeat  the  process  each  time  until  a  foresight  can  be  obtained  on  the  desired 
bench  mark  position. 

22.  Once  the  foresight  is  taken,  pick  up  instrument,  reposition,  and  level  it.  Record  a 
backsight  on  the  same  bench  mark  that  was  just  shot. 

23.  Next,  continue  the  total  leveling  procedure  back  to  the  original  starting  bench 
mark  recording  all  backsights  and  foresights  as  previously  described,  ending 
with  a  foresight  on  the  original  bench  mark. 

24.  Store  all  equipment  in  proper  places. 

25.  Reduce  field  notes  as  previously  done  on  Assignment  Sheet  #2. 

26.  Turn  in  completed  "Bench  fwlark  Circuit"  field  notes  to  instructor. 


<  ■>  ^ :  . 
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VERTICAL  MEASUREMENTS 
UNIT  IV 


NAME 


TEST 


Match  the  terms  on  the  right  with  the  correct  definitions. 

 a.      The  vertical  distance  from  a  datum,  usually 

the  NGVD,  to  a  point  or  object 

A  surveyed  line-  that  has  been  stationed  at 
equal  intervals,  and  elevations  of  each  inter- 
val point  have  t>een  obtained 


Any  level  surface  in  which  elevations  are 
referred  to,  a  referencing  system  of  point 
elevations 


_d.  The  average  height  of  the  sea's  surface  for 
all  stages  of  the  tides  over  a  19  year  period. 
Usually  taken  at  hourly  Intervals  from  26  sta- 
tions 

_e.  A  line  in  a  level  surface,  therefore  a  curved 
line  (parallel  to  the  earths  curvatura) 

„f.  A  stationary,  relatively  permanent  object, 
natural  or  artificial,  having  a  marked  point 
whose  elevation  above  or  below  an  adopted 
datum  Is  known  or  assumed 

,g.  A  stationary  point  used  to  temporarily  trans- 
fer the  position  of  the  instrument  without 
losing  its  reference  elevation 

.h.  The  exact  position  of  the  cross  hairs  of  a  lev- 
eling instalment  above  a  known  point  in  a 
specified  datum 


 1. 


A  line  that  follows  the  direction  of  gravity  as 
indicated  by  a  plumb  line 

A  line  perpendicular  to  the  direction  of  grav- 
ity or  parallel  to  a  honzontal  plane 


,k.  The  nationwide  reference  surface  for  eleva- 
tions of  the  United  States.  It  was  obtained 
by  a  least  squares  adjustment  done  In  1929- 
A  readjustment  program  should  be  com- 
pleted in  1987 

.1.  A  rod  reading  that  is  taken  on  an  unknown 
point  or  object  to  obtain  its  elevation 


1.  Backsight 

2.  Bench  mark 

3.  Cross  section 
A.  Elevation 

5.  Foresight 

6.  Height  of  instrument 

7.  Horizontal  line 

8.  Level  line 

9.  Mean  sea  level 

10.  National  geodetic  ver- 
tical datum 

11.  Parallax 

12.  Profile 
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 m.     A  rod  reading  that  is  taken  from  a  known 

point  of  elevation  to  obtain  an  Instnjment 
height 

 n.      The  apparent  displacement  or  the  difference 

in  apparent  direction  of  an  object  as  seen 
from  two  different  points  not  on  a  straight 
line  with  the  object 

 o.      «i  relatively  stationary  object  that  can  be 

found  by  description  having  an  established 
elevation  on  it,  such  as  a  fire  hydrant 

 p.      A  series  of  ground  elevations  taken  at 

recorded  offsets  wherever  existing  ground 
changes  grade,  usually  taken  at  90"  offset 
to  the  baseline  or  centeriine  of  the  project 

List  three  uses  of  leveling  results. 

a.  ..^^.^^  

b.   

c.  


Complete  the  following  statements  concerning  the  theory  of  leveling  procedures  by  fill- 
ing In  the  blanks  with  the  con*ect  words. 

a.  The  sun^eyor  Is  able  to  sight  through  a  telescope  at  a  graduated  rod  and  deter- 
mine a  measurement  reading  at  a  point  where  the  „  in  the  tele- 
scope intersect  the  rod, 

b.  Leveling  has  two  purposes.  Name  one. 


13.  Temporary  bench 
mark 

14.  Turning  point 

15.  Vertical  datum 

16.  Vertical  line 


Distinguish  between  curvature  and  refraction  by  placing  a  "C"  next  to  the  formula  for 
cun^ature  and  an  "R"  next  to  the  formula  for  refraction.  Some  of  the  formulas  below 
should  be  left  blank  because  they  are  not  formula?  for  curvature  or  refraction. 


a. 

7C 

b. 

0.1 4C 

c. 

KA^ 

R 

d. 

KA^ 

2R 

e. 

0.07C 

4> 

K^'  t  f  f  f 


TEST 


Identify  the  major  parts  of  a  level  as  shown  m  the  c  jmpy  level  below.  Choose  your 
answers  from  the  following  list  and  place  them  in  the  appropriate  blanks  (not  aii  of  the 
following  are  needed):  Base  plate,  level  bar,  level  post,  level  via),  tangent  screw,  cross 
hair  reticle  adjusting  screws,  levohng  screws,  leveling  head,  telescope,  eyepiece  focus- 
ing ring. 


a.       _,  d. 


b.  _ 


c.      f. 


Complete  the  following  statemt'nts  concerninq  adjusting  parts  of  a  level  by  circling  the 
correct  words. 

a.  Telescope 

1)  The  eyepiece  lenses  focus  \ha  (objective  lenses,  cross  hairs)  which  are 
located  in  the  telescope  at  the  principal  focus  plane. 

2)  The  focusing  lens  can  be  adjusted  so  that  the  images  of  varying  distances 
can  be  brought  into  focus  in  the  plane  of  the  (reticle,  eyepiece). 

3)  The  cross  hairs  can  be  thin  (threads,  wires)  attached  to  a  cross  hair  ring,  or 
as  in  most  modern  equipment  they  arc  actual  lines  etched  on  a  circular 
glass  plate  enclosed  by  a  cross  hair  ring. 

A)  The  cross  hair  ring  (slightly  smaller  than  the  diameter  of  the  telescope  tut>e) 
is  held  in  place  by  4  capstan  (bolts,  screws)  that  can  be  turned  to  adjust  the 
cross  hairs  up  or  down  and  left  or  right  if  the  instrument  is  found  to  be 
slightly  out  of  adjustment. 


TEST 


b.  I  evvl  vial 

1;  1^  a  yia^ts  tube  .st?aied  at  (one  end.  boXb  ends)  that  contairis  a  sensitive  liq^ 
uid  such  as  alcohol  and  a  small  air  bubble?  within  tht?  tube. 

The  tube  is  gfaduatod  with  ufiiform,  etched  niaikinys  yefieraiiy  spuced  at 
{2mm,  2  inches)  apart  u^eii  to  accurately  determine  the?  bubbles  position. 

^)  Thu  "axis^'  of  a  level  vial  is  an  imaginary  longitudinal  line  tangent  to  the 
uppor  inside  surface  at  itb  riiidpoint.  Therefore,  when  the  bubble  is  (to  the 
left  of,  centered  in,  to  the  right  of)  its  run.  the  axis  should  be  a  hofizontal 
lir^e. 

4)  The  s:insitivity  of  a  level  vial  is  directly  related  to  the  (length,  cufvature)  of 
the  giat:;s  tube  used. 

c.  Leveling  tiead 

1)  In  the  ease  of  the  dumpy  level,  (three,  four)  leveling  foot  screws  are  utilized 
to  set  the  telescopic  level 

2)  The  screws  tiurround  the  center  bearing  of  tfie  instrument  and  an:  used  to 
Uift  the  telescope,  turn  the  telescope  left  or  right)  using  the  center  bearing 
as  a  pivot  point. 

Match  types  of  leveling  equipment  on  the  right  with  the  correct  characteristics  and 

uses^ 

 a.       1)     fernploys  a  gravity  reference  prism  or       1   Harid  level 

mirror  compensator  to  automaticaiiy 

orient  the  line  of  sight  2  Wye  level 

2)  Can  be  quickly  leveled  using  a  circular 

spirit  level  ^  :\  Duntpy  level 

3)  Once  the  bubble  is  approximately  lev- 
eled, the  compensator  will  take  over       4,  Tiltuuj  level 
and  maintain  a  horizontal  line  of  sight 

even  if  the  actual  telescope  is  slicihtly       fr  Self-leveling  or  auto- 
tilted,  "  rnatic  level 
4}     Extremely  popular  due  to  the  ease  m 

setting  up  anc5  the  precision  that  can       6  Iripod 
be  obtained  with  their  use 

,  Jy-       1)     Has  a  non  fixed  telescope  tfiat  lests  in 
Y  shaped  supports 

2)  Curved  clips  fasten  tfie  telescope  u\ 
place. 

3)  h  now  almost  obsolete. 

c  !)  Several  type^s  are  available  mW)  either 
fixed  or  adjustable  legs. 
2}  i  eg  extensions  are  available  when  it 
becomes  necessary  to  set  the  instru^ 
mont  up  high  due  to  cornfields,  brush, 
or  other  obstructions. 


TEST 


<i        1)     HciS  a  ti.  k^tir.ope  f  if  inly  attachtxl  ami 
paraltol  to  tho  !ove!  bar 

2)  The  level  viai,  attached  Ui  the  UmA  Ikh 
rernain^v  in  the  same  vertical  pla?»<^  as 
ifio  telescope  at  all  Umou 

'S}  Wat^  at  one  time  ubeU  ext^nsivt^ly  t>n 
d!l  enyinoertng  works,  but  has  since 
tcvn  repiaced  in  fuany  enginerrint] 
capacities  by  more  supnisticated. 
modern  types  of  leveling  instrumrnts. 


c^.  1)  UseiJ  for  low-precision  work  and  for 
making  various  rough  checks  to  level 
work 

2)  Consists  of  a  brass  tube  having  a  plain 
gla^s  objective  lens  antJ  peepsigh! 
eyepiece 

3>  A  small  level  bubble  mounted  above  a 
biot  in  the  tube  is  viewed  through  tno 
eyepiece  by  moans  of  a  prism  or  45"^ 
mirror.  A  horizontal  line  extends  across 
the  tube. 

4)  Is  normally  held  in  one  hand  and  lev- 
elcd  by  raising  or  lowering  the  objeo 
five  end  until  the  bubble  is  level. 

f.  1)  is  used  for  more  precise  work  and  for 
many  general  purposes. 

2)  A  bull's  eye  level  (circular  spirit  level)  is 
utilized  for  quick  approximate  ievefing. 

;i)  Exact  leveling  is  accomplished  by 
adjusting  a  tilting  screw  to  tip  the  teie^ 
scope  about  a  fulcrum  at  the  vertical 
axis  of  the  instruments  without  ct^anq- 
ing  the  height  of  the  instrument. 

4)  This  tilting  feature  increases  accuracy 
and  saves  time  since  onJy  one  screw 
rjoeds  to  bo  adjusted  to  obtain  a  hori- 
2onta!  line  of  sight. 


Complete  the  following  stalernents  concerning  types  uf  levi'l  rocis  t)y  cuclino  the  (;or- 
rect  words. 


a.      There  are  (two,  four)  main  classes  of  love)  rods. 


b.  (Adjusting,  Self-reading)  rods  are  read  by  the  instrument  operator  while  sighting 
through  the  telescope  and  noting  the  apparent  intersection  of  the  cross-hairs  oh 
the  rod.  This  is  the  most  common  type. 

c.  Target  rods  have  a  movable  target  that  is  set  by  the  (rod  person,  instalment  oper-- 
ator)  at  the  position  indicated  by  signals  from  the  (rod  person,  Instmment  opera* 
tor). 
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d,  (One,  Two)  -piece  rods  are  used  for  more  precise  worK,  with  an  "invar"  suip  with 
graduations  held  in  place  under  temperature-compensating  spring  tension. 

Rod  graduations  are  accurately  painted  with  alternate  black  and  white  spaces 
0.01  tt  wide.  Tenths  are  designated  by  black  figures  and  all  foot  maiks  by  (Qreen, 
red)  numbers,  all  straddling  the  proper  graduation. 

t.  Most  standard  level  rods  can  be  read  accurately  with  a  lovol  at  distances  up  to 
(100.  250)  ft. 

g.  (Rod  levels.  Plumb  bobs)  can  be  used  to  ensure  that  the  rod  is  being  held  plumb 
when  being  observed. 

Complete  the  following  statements  concerning  the  proper  procedure  for  setting  up  a 
leveling  instrument  by  circling  the  correct  words. 

a.  If  the  instrument  must  be  set  up  on  hard  surfaces  such  as  asphalt  or  concrete, 
the  tripod  legs  should  be  (spread  aut,  pushed  fn) 

b.  When  setting  up  on  soft  surfaces,  the  tripod  is  first  set  up  so  that  the  tripod  head, 
or  top,  is  nearly  horizontal,  and  then  the  legs  are  (set  up  on  top  of  the  surface, 
firmly  pusli^  Into  the  earth) 

c.  On  hills  or  sloping  grou/,J  it  Is  customary  to  place  (one  lea  two  legs)  uphill  and 
(one  leg,  two  legs)  downhill;  the  instrument  person  stands  facing  upnill  while  set^ 
ting  up  the  Instalment, 

d.  If  a  four-screw  level  is  being  used,  the  correct  procedure  for  ieveling  the  vial  Is  tn 
place  the  telescope  parallel  to  two  opposite  leveling  screws  and  adjust  (the  le.c 
screw  first,  both  screws  slmuttaneously,  ih^  right  screw  first)  until  the  bubble  is 
centered.  Then  rotate  the  telescope  180**  over  the  two  untouched  screws  and 
repeat  the  procedure.  This  process  may  need  to  be  repeated  again  for  fine  adjust- 
ments. 

e.  When  using  a  three  screw  level  instrument,  any  of  the  leveling  screws  can  be 
manipulated  at  one  time  independently  of  the  others,  although  most  experienced 
surveyors  often  manipulate  (2,  all)  of  the  screws  at  the  same  time.  Once  the 
(bull's  eye)  circular  bubble  has  been  leveled,  the  instrument  can  be  revolved  to 
check  that  the  bubble  remains  centered. 

Arrange  in  order  the  steps  used  to  establish  an  elevation  of  ajt  unknowri  point  by  plac^ 
ing  the  correct  sequence  numbers  (19)  in  the  appropriate  blanks.  The  answers  for  two 
steps  are  given. 

.„.§-_a.      Record  the  initial  rcxi  reading  taken  from  the  known  point  in  the  backsight 
column  of  the  field  notes. 

 ^  b.      Attach  the  level  to  the  tripod  and  transport  to  tnc  initial  set  up  point, 

.  ^c.      Record  the  foresight  reading  in  the  proper  column  of  the  field  notes,  and 

signal  the  rod  person  that  you  are  finished. 

 d.      Set  up  the  instrument  midway  between  Pomt  A  and  Point  B,  and  level  It  up. 


U:ST 


u  \  I  lU'j  t  \hy'  ..feV'*-  t)uir!^  on  the  level 

.  f.iKf'  J  "..t  *:^iV.U-!«'^  r  v.f!^  *M-\  ^SAMUJ  t^HMuii  ptM.son  plaCtMholeV- 

 '  -ai'/u';^!:'  ,    >\  ;;• 

..        J         InrtTMnu-:/  ^;^^.•v•  :  ^^'U'  u.\\  p»'?:a)n  ti^  {Hiu^roU  to  point  B. 

Stien  tfur  srH^f^'f-M,.  '  ^f^'  Mo':--  rK-tv  K^>t^p!nq  tiy  placing  an  "X" 
next  t;^  Ihr'  tru*^  \;^.\h  ^-^h^ 

......                 ^'''ii^                  !,  r        '  ..-r  0      .  -  P r-l-. 

 ^^.       Ail  rrHim  tu'f'H      *,/Mri  rs^N-.  sfns  iil  :;rrfu^  or  t)iai:K  (standard  lead) 

Match  thr  v;irf.  «u^     r''^:  i^;:-:     "      =  ^  !f>*  ru.^ht  vMti^  tfit^  correct  characterise 

tn:^-.  and  ,1^1-. 

an<i  r*.'r^ ^fjiru;  Utr  vrr f  ^  al  .irujlt-  id  cm*' 

C'/Mur^^fjlv  t.rr'J  :r,     ;p.^;f;iphiV  \\r^*^ 

t   ;i t  it  v,H*> 
A  L,>.j^ Hue  *v  fStat.'l)\-}i"  :  a'?!'^  ?>t,< 

t! hit  ran       fi^Sjiv  <  Mincj 


1  Dnfcfcnttal  leveling 
?  Hociprocai  leveling 
'A   FVofile  lovtMing 

ing 

^   Barometric  ievclmg 
0  Thqufiometric  lovei- 

Borrow  pit  leveling 
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-  n     Usinl  to  dotermjne  differer^ces  in  eleva- 

tion  botwoen  points  that  are  romoto 
from  each  other. 

2)  Often  roforred  to  as  bench  mark  level- 

3)  Backsights  and  foresights  should  be 
kept  as  close  to  equal  in  horizontal 
length  as  possible, 

.d.  1)  Commonly  used  to  determine  the  vol^ 
ume  of  material  transported  to  the 
construction  site. 

2)  Rod  readings  are  taken  either  by  the 
cross-section  method  or  by  a  possi  )le 
grid  system  layout  over  the  existing  or 
original  ground  where  excavation  wiil 
take  place. 

3)  As  excavation  commences,  additional 
readings  are  taken  for  top  and  t>ottom 
of  excavation  limits. 

4)  Removal  quantities  can  then  be  calcu^ 
lated  by  comparing  these  rod  readings 
lo  the  original  elevations  before  exca^ 
vation. 


 e.       1)     Commonly  implemented  along  with 

profile  leveling. 

2)  Is  used  to  obtain  elevations  at  certain 
right  angle  or  ^degree  angle  offsets 
from  the  stationed  profile  line. 


.„_f.  1>  A  special  barometer  or  surveying  altim- 
eter can  be  used  to  find  relative  eleva 
tions  of  points  on  the  earth's  surface. 

2)  Particularly  suitable  for  work  in  rough 
terrain  where  standard  leveling  proce- 
dures would  bo  extremely  costly. 

3}  Can  be  u?;od  where  extensively  large 
areas  need  to  be  covered  vind  high 
orders  of  accuracy  are  not  required.^ 


  g.  nen  equal  backsights  and  fore- 

bights  cannot  be  obtained. 

2}  The  instrument  is  set  up  at  Point  X. 
near  Point  A,  and  rod  readings  are 
taken  at  Point  A  and  Point  B>  Several 
readings  are  taken  due  to  the  distance 
of  X'B,  Once  recorded,  the  instrument 
is  relocated  at  Point  Y  and  the  process 
is  repeated 
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13.  Distifiguish  between  the  duties  of  survey  crew  members  by  placincj  the  following  letters 
next  to  the  appropriate  duties  and  responsibilities. 

•  P  —  Survey  party  chief 

•  I  —  Instrument  person 

•  R  —  Rod  person 

 a.      Takes  care  of  all  miscellaneous  equipment  (not  instrument). 

 b.      Keens  orderly  neat  field  notes  whik?  work  is  being  performed. 

 Maintain?^  daily  logs,  reports,  and  vehicle-use  records. 

 d.      Takes  care  of  sun/eying  instruments. 

14.  Classify  the  common  errors  that  occur  in  leveling  listed  below  by  placing  the  following 
letters  in  the  appropriate  blanks* 

•  *T  Instrument  error 

•  *^N"  Natural  error 

•  Personal  error 

 a.  Improper  rod  iiandhng 

^  b.  Bubble  not  property  centered 

 ^c.  Strong  or  gusty  winds 

 d.  Refraction  of  the  line  of  sight 

.....    e.  Level  rocJ  not  correct  ler^gth 
  Parallax 

„  g.  Cross  hairs  not  exactly  horizontal 

.  ..  _„h.  Temperature  variations  on  the  k?v6iiing  vial 
Faulty  rod  readings 

  j.  Tripod  leg  loose  or  not  securely  set  in  ground 

 K  Curvature  of  the  earth 

 L  Settlement  of  a  turning  point 
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15.  List  three  common  rn^stakv^s  irvit  r-roii^ 
a.   .  ^   _ 

c. 

16.  Describe  the  proci^ss  of  rn.ikino     ;  .    ^  v '  i 


(NOTE:  If  the  foliowincj  act?v.t:^  .  rw*  v  u  i  t 
instructor  when  they  shouid  Di;  co^'  f/fn.-  ; 

17,  Read  various  typo*^  uf  hni^^  f^vv    ^»  ■ 

18,  Enter  field  data  m  starnirifa  i't"--^  ir-  k  * . 

19,  DemQ^^3tr^1o  the  at^ihtv  i^v 

a.      Make  minor  tudci  .nij'.iMf^f  ''h;  :  ^  i 

Perform  a  cor^-'itiod  .r,  • 
Sheet 


•  ■         '-r^r-sl  I  ^.-^  t  )  Uu>  u^:4.  asK  your 
'        '        ie  vf-iiiHi  pr(n:es<:.  (Job 
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VERTICAL  MEASUREMENTS 
UNIT  IV 


ANSWERS  TO  TEST 


d. 
e. 
f. 

Q- 
h. 


c. 


a. 
b. 


4 

12 

15 

9 

8 

2 

14 

6 


m 
n. 
o. 


I. 

j- 
k. 


16 
7 

10 

5 

1 

11 
13 

3 


Any  three  of  the  foHowing: 

a.  To  design  highways,  railroads,  and  canals  having  grade  lines  that  must  conform 
to  the  existing  topographic  surroundings 

b.  To  lay  out  construction  projects  according  to  engineered  plans 

c.  To  calculate  wlumes  of  earthwork  In  various  types  of  construction 

d.  To  analyze  drainage  characteristics  of  an  area  of  land 

e.  To  develop  maps  showing  general  ground  configurations 

a.  Cross  hairs 

b.  Either  one  of  the  following: 

1)  To  find  differences  in  elevations  between  points 

2)  To  find  elevatior«s  of  points 

a.  Blanl*; 

b.  R 

c.  Blank 

d.  C 

e.  Blank 

a.  Cross  hair  reticle  adjusting  screws 

b.  Telescope 

c.  Level  vial 

d.  Leveling  head 

e.  Leveling  screws 

f.  Tangent  screw 


1) 

Cross  hairs 

2) 

Reticle 

3) 

V>^ires 

4) 

Screws 

1) 

Both  ends 

2) 

2mm 

3) 

Centered  in 

4) 

Curvature 

1) 

Four 

2) 

Tilt  the  telescope 
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ANSWERS  TO  TEST 


b.  7 

c.  6 

d.  3 

e.  I 

f.  4 


8.  a.  Two 

b.  Self-reading 

c.  Rod  person,  instrument  operator 

d.  One 

e.  Red 

f.  250 

g.  Rod  levels 

9.  a.  Spread  out 

b.  Firmly  pushed  into  the  earth 

c.  One  leg,  two  legs 

d.  Both  screws  simultaneously 

e.  2 


lO.     a.  5  f.  4 

b.  2  g.  1 

c.  8  h.  9 

d.  3  i.  6 

e.  7 


12.     a.  6 

b.  3 

c.  1 

d.  7 
c.  4 
f.  5 
9.  2 


13.  a.  R 

b.  P 

c.  P 

d.  I 

14.  a.  3  9-1 

b.  3  h.  2 

c.  2  I.  3 

d.  2  j.  1 
0  1  k.  2 
f.  3              1.  2 
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ANSWERS  TO  TEST 


15.  Any  three  of  the  following: 

a.  Use  of  an  improperly  graduated  rod 

b.  Holding  the  rod  in  different  locations  during  a  turning  point 

c.  Reading  a  foot  too  high 

d.  Reading  a  stadia  hair 

e.  Recording  notes  improperly 

f.  Touching  tripod  during  reading  process 

16.  Description  should  include  the  following: 

a.  Place  two  stakes  at  a  distance  of  200  to  300  ft  apart. 

b.  Set  the  level  up  between  the  stakes  at  approximately  the  mid-way  point.  Rod 
readings  are  taken  at  both  points  and  record^. 

c.  Move  the  level  to  one  of  the  points  (A)  and  set  up  so  the  eyepiece  of  the  telescope 
just  touches  the  level  rod  being  held  plumb  over  Point  A. 

d.  Take  readings  at  both  Points  A  and  B  and  record. 

e.  Determine  the  amount  of  eTOr  in  the  horizontal  axis  by  subtracting  the  two  origi- 
nal rod  readings  from  eacii  other  and  comparing  it  to  the  difference  in  the  second 
set  of  rod  readings. 

f.  Eliminate  the  error  by  removing  the  adjusting  screw  cover,  and  if  necessary 
adjust  the  capstan  screws  until  the  correct  rod  read  intersects  the  cross  hairs. 

17.-18.     Evaluated  to  the  satisfaction  of  the  instructor. 


19.     Performance  skills  evaluated  to  the  satisfaction  of  the  instructor. 


ANGLES  AND  DIRECTIONS 
UNITV 


UNIT  OBJECTIVE 

After  completion  of  this  unit,  the  student  should  be  able  to  list  the  various  types  of  meridians 
used  in  sun^eying,  define  the  different  types  of  horizontal  and  vertical  angles  used  In  giving  a 
line  a  direction,  distinguish  between  bearings  and  azimuths,  and  convert  bearings  to  azimuths 
and  azimuths  to  bearings.  Comf^tencles  will  be  demonstrated  by  comectly  completing  the 
assignment  sheets  and  by  scoring  85  percent  on  the  unit  test. 

SPECIFIC  OBJECTIVES 

After  completion  of  this  unit,  the  student  should  be  able  to: 

1.  Match  terms  related  to  angles  and  directions  with  the  correct  definitions. 

2.  Distinguish  between  the  systems  of  angular  measurement. 

3.  Match  types  of  reference  meridians  with  the  correct  descriptions. 

4.  Label  the  types  of  vertical  angles  used  in  surveying. 

5.  Identify  the  types  of  horizontal  angles. 

6.  Distinguish  between  the  three  common  methods  of  giving  direction  to  a  line. 

7.  Convert  bearings  to  azimuths  and  azimuths  to  bearings. 

8.  State  the  correct  rule  for  con^^rtlng  back  directions  from  either  bearings  or  azi- 
muths. 

9.  CJonvert  bearings  and  azimuths  to  their  opposite  forms.  (Assignment  Sheet  #1) 
10.    Calculate  bearings  and  azimuths  from  Interior  angles.  (Assignment  Sheet  #2) 


OBJECTIVE  SHEET 


Calculate  bearings  and  azimuths  from  deflection  angles.  (Assignment  Shaet  #3) 
Convert  bearings  and  azimuths  into  Interior  angles.  (Assignment  Sheet  #4) 


ANGLES  AND  DIRECTIONS 
UNIT  V 

SUGGESTED  ACTIVmES 

Obtain  additional  materials  and/or  invite  rcsoufce  people  to  class  to  supplomontnoin. 
force  information  provided  in  this  unit  of  instruction, 

(NOTE:  This  activity  should  be  completed  prior  to  the  teactiing  of  this  unit.) 

Make  transparencies  from  the  transparency  masters  included  with  this  unil 

Provide  students  with  objective  sheet. 

Discuss  unit  and  specific  objectives. 

Provide  students  with  information  and  assignment  sheets. 

Discuss  information  and  assignment  sheets. 

(NOTE:  Use  the  transparencies  to  enhance  the  informai^on  as  needed  ) 
mtegrato  the  following  activities  throughout  the  teaching  of  this  unit: 

1 .  leach  basic  use  of  calculators  for  conversion  of  degrees  into  decimal  degrees  and 
vice  versa. 

2.  Display  various  isogenic  charts  to  the  group  and  discuss  magnetic  declination, 

3.  Discuss  uses  of  geodetic  north,  grid  north,  and  assumed  north,  and  applications 
of  where  each  might  be  used. 

4.  Determine  the  magnetic  declination  for  your  immediate  area  by  xho  use  of  so 
gonic  charts. 

5.  Meet  individually  with  students  to  evaluate  their  progress  through  this  unti  ot 
instruction,  and  indicate  to  them  possible  area^    r  improvement. 

Give  test. 
Evaluate  test. 
Reteach  if  necessaiy 
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INSTRUCTIONAL  MATERIALS  INCLUDED  IN  THIS  UNIT 

A.  Objective  sheet 

B       Informalion  St  tTl 
C.      Transparency  masters 

1 .  TM  #1  —  Reference  Directions  for  Vertical  Angles 

2.  IM         Direction  by  Bearing  or  Azimuth 
D      Ai^sicinmont  sheets 

1 .  Assignment  Sheet  #1  —  Convert  Bearings  and  Azimuths  to  Their  Opposite  Forms 

2.  Assignment  Sheet  #2  —  Calculate  Be,:rings  and  Azimuths  From  Interior  Angles 
3  Assiqnment  Sheet  #3  —  Calculate  Bearings  and  Azimuths  From  Deflection  Angles 
4.  Assignment  Sht-et  #4  •-  Convert  Bearings  and  Azimuths  Into  Interior  Angles 

t.      Answers  to  assignment  sheets 
F  Test 

G.      Answers  to  test 

REFERENCES  USED  IN  WRITING  THIS  UNIT 

A       K=ivanrigh.  Barry  and  S.J  Glenn  Bird.  Surveying:  Principles  und  Applications.  Reston, 
VA:  Reston  Publishing  Co..  Inc.,  1984. 

B.  Hf inker.  R.C.  and  R  R.  Wolf.  Elementary  Surveying,  7th  ed.  New  York:  Harper  &  Row.  1984 
v..      Kissarn.  Phillip,  Surveying  Practice,  3rd  ed.  New  York:  fvtcGraw-Hill,  1978. 

SUGGESTED  SUPPLEMENTAL  MATERIAL 

A.      Davis.  R.  E  .  F  S.  Foote,  and  J.  H.  Kelly.  Surwying.  5th  ed.  New  York:  f^cGraw-Hill  Book 
Company  1 96G, 

B       Kissam.  Phillip,  Surveying  for  Civil  Engineers.  New  York:  McGraw-hiil.  1976. 

C.  Bit?od.  Hosnier  (f-ancj.  Barry).  Principles  and  PracTices  of  Elementary  Surveying,  1 1tn  ed. 
New  York:  Wiley.  1977. 
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ANGLES  AND  DIRECTIONS 
UNIT  V 

INFORMATION  SHEET 

I  Terms  and  definitions 

A.  Angle  —  The  space  made  between  two  straight  lines  that  intersect*  nor- 
mally measured  in  degrees  or  grads 

B.  Declination  ~  The  angle  formed  between  a  magnetic  needle  and  the  geo- 
graphic  meridian 

C      Isogonic  line  —  A  line  on  a  map  joining  points  on  the  earths  surface  at 
which  the  magnetic  declination  is  the  same 

D.      Latitude  —  A  line  that  runs  east-west,  is  parallel  to  the  equator,  and  is 
formed  by  projecting  the  latitude  angle  out  to  the  earth's  surface 

Longitude  —  A  line  that  runs  north-south,  converging  at  the  poles  formed 
by  projecting  the  longitude  angle  out  to  the  surface  of  the  earth  at  the  equa- 
tor 

R      Meridian  —  A  line  framed  on  the  mean  surface  of  the  earth  joining  the 
north  and  south  poles 

G.      Polygon  —  A  closed  plane  figure  bounded  by  straight  lines 

II  Systems  of  angular  measurement 

A.  Sexagegesma!  system 

1.  Used  in  the  United  States 

2.  Based  on  degrees,  minutes,  and  seconds,  with  the  last  unit  further 
divided  decimally 

a.  360  degrees  n  in  a  complolo  circle 

b.  60  minutes  V)  in  a  degree 

c.  60  seconds  {")  in  a  minute 

B.  Grad  systeni 

1.  Used  in  most  Luropea^  countries 

2.  400  grads  equal  360  degrees 

C.  Radian  system 

L     Is  more  suitable  to  computers 
2.     Based  on  the  2i^R  system 
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INFORMATION  SHEET 


lit.     Types  of  reference  meHdians 

A.  Geographic  meridian  (known  as  true  meridian):  The  line  formed  by  the  inter- 
section with  the  earth's  surface  of  a  plane  that  includes  the  earth?  axis  of 
rotation 

B.  Magnetic  meridian:  A  line  that  runs  parallel  to  the  direction  of  a  free  moving 
magnetized  needle,  as  in  a  compass 

C.  Grid  meridian:  A  line  that  is  parallel  to  a  grid  reference  line  or  a  central 
meridian 

<NOTE:  Longitudes  and  latitudes  are  also  acceptable  meridians.) 

IV.  Types  of  vertical  angles  (Transparency  1) 

(NOTE:  Vertical  angles  are  used  to  determine  heights  of  objects  or  points,  and  in 
slope  distance  corrections.  Refer  to  Unit  III  for  additional  information  on  this.) 

A.  Pius  or  minus  angles  —  fvleasured  up  (plus)  or  down  (minus)  from  a  horizon- 
tal line  of  projection 

(NOTE:  Plus  angles  are  also  called  angles  of  elevation,  and  minus  angles 
are  called  angles  of  depression.) 

B.  Zenith  angle  —  Measured  down  from  a  point  directly  above  the  observer 

C.  Nadir  angle  —  Measured  up  from  a  point  directly  below  the  observer 

V.  Types  of  horizontal  angles 

A.      Interior  angles:  Measured  angles  on  the  inside  of  a  closed  polygon  (Figure 

FIGURE  1 


■  N 


Exiark>f  Angle 


/  Inlartor  Angle 


(NOTE:  For  a  closed  polygon  of  "N"  sides,  the  sum  of  the  interior  angles  will 
be:  (N  -  2  X  180*^.) 

B.      Exterior  angles:  MeasurcKl  angles  located  on  the  outside  of  a  closed  poly 

yon 

(NOTE:  The  advantage  gained  by  measuring  exteriors  along  with  interiors  is 
that  of  a  fieid  check  for  any  major  errors  made  in  reading  either  angle.) 
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C.      Angles  to  the  right  (clockwise)  and  angles  to  the  left  ^counterclockwise) 
(Figure  2) 

FIGURE  2 


A 


400'  B 
Angles  to  the  Right 


400' 

Angles  to  the  Left 


D.      Deflection  angles:  Measured  angles  right  or  left  from  an  extension  of  the 
back  line  through  the  forward  line  {Figure  3) 

FIGURE  3 
N 


o 
If) 
+ 


.<i,^  JOC  SO-R 


or 


20°L 


+ 

o 


Methods  of  giving  direction  to  a  line  (Transparenc>  2) 
A.      Magnetic  directiofis 


1.  A  line  is  given  a  direction  from  magnetic  north  by  the  utie  of  a  com^ 
pass. 

2.  The  magnetic  north  pole  is  iocated  about  1000  miles  south  of  the 
geographical  pole. 

3.  The  horizontal  angle  between  the  direction  taken  by  the  compass 
needle  and  geographic  or  true  north  is  the  magnetic  declination. 
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B.      Bcarinc}  dtrocttonf; 

1     A  bearinq  is  the  direclion  pf  a  Hnp  given  by  the  acute  angle  between 
the  line  and  a  me^idicin. 

2.  Are  measured  clQcKwisc*  or  coiinterclackwise 

3.  Are  measured  from  the  noUh  or  south  end  of  a  meridian 

4.  Require  two  letters  ^quadran:  letters)  and  a  numericai  value  (Figure  ^) 
t).  Mange?  trofn  0  \o  IW:  can  never  be  greater  than  90** 

FlGURl.  4 


it  Q'' 

s 


1.     An  a/unuth  is  d  tiirf'olifni  oi  a  iine  as  given  by  the  angle  rnoasured 
clockwise  ffon^  i-t  givei*  nK^ridiiin 
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2.     Arr  mrasurrd  froni  north  oniy  in       v-irvrv     fnuii  ^.oiitti  only  (Fig- 
ure? 5) 

FIGURE  5 


3.  Afc  measured  ;:iOi.>AVit;e  I'njy 

4.  Raru]e  hi  mfiyniluck:  fiutTi  0^'  \o  .^u)" 
f).     Require  only  a  nunieficr*!  vh!u*^ 

6.     Artvantagoous  m  :>r^rr*e  tr^ixMirartiiof  '.V'"^iK      .v(  U  rir.  tn  computa- 
tions. 

Converting  bearings  and  azimuths 

A.      Converting  from  north  fCNmuShv  lo  i.orsfinrr 
1      Dutermuie  the  proper  (|Uvi<ifanl  hi!^''  - 

a.  It  a/unuth  nonh  iA*:      j^.  t  * i'.-.  fji 

b.  A/  N  9tJ°  -  1H0'\  Orr;  St. 
C.       A.^  N  180^      :^7(r.  Bf<^  i^V 
tJ,       A/  N  270*^  -  fMv;  rivV 
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2  Drtermine  the  numerical  value  by  using  the  following  rolationships; 
a       NE  quadrant:  Bearing  =  Azimuth  N 

l>.       SH  quadrant:  Bearing  =  180"  -  Azimuth  N 
c       SW  quadrant:  Bearing  =  Azimuth  N  ~  180° 
d.       NW  quadrant:  Bearing  =  360°  -  Azimuth  N 
Converting  from  south  azimuths  to  tearings 

1.  DetGrminc  tho  proper  quadrant  letters. 

a.  H  azimuth  south  (Az  S)  is  0"     90**,  bearing  is  SW. 

b.  AzS  90"  -  180".  Brg  NW 

c.  Az  S  180°  -  270°.  Brg  NE 

d.  Az  vS  270^  -  360^  Brg  SE 

2.  Determine  the  numerical  value  by  using  the  following  relationships, 

a.  SW  quadrant:  Bearing  =  Azimuth  S 

b.  NW  quadrant:  Bearing  =  180*'  -  Azimuth  S 

c.  NE  quadrant:  Bearing  =  Azimuth  S  -  180' 
0,      SE  quadrant:  Bearing  =  360''  -  Azimuth  S 

Convc?rling  from  bearings  to  azimuths 
1      NE  quadrant:  Azimuth  =  Bearing 
2.     SE  quadrant:  Azimuth  =  180°  -  Bearing 

3  SW  quadrant:  Azimuth  ^  180°  +  Bearing 
4.     NW  quadrant:  Azimuth  =  360°  -  Bearing 
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Example:    Directions  for  lines  in  the  knu  quiuUanh-  {<\/\mu\hs  from 
north): 


Bearings  Azimuths 

N15^W  3^^5^        (3G0^  -  15^) 


Reverse  directions 

A.  It  can  be  said  that  every  line  has  two  directions 

1.  Forward  direction:  Oriented  in  the  direction  of  fiokivvc^rk  or  computa^ 
tion  staging. 

2.  Back  direction:  Oriented  in  the  direction  toward  back  stations  (exact 
opposite)- 

B.  To  reverse  a  bearing  direction,  simply  reverse  the  direction  letters.  (Figure  6) 
FIGURE  6 


C.      To  reverse  an  a?imuth  direction,  simply  add  180''  to  the  oncunoi  direction. 
(Figure  7) 
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M  tho  oricjin.il  armujth  «s  nn\-5lOf  Ifu'n  ic^O*".  iMmpiy  subtract  180"  from  it. 
FIGURE  7 


fiu  115^^' 


C  ^ 


:  "Nil 5^0' 


V115°20' 

Az  =  295*20' 


\ 


1 


D  180° 


(NOTE:  Tho  K.vy  factor  rp.-Mt'nibfH  ifui?  a  *(.rvvar;i  and  back  azimuth 
must  diflcr  nv  180'*  ■ 


Reference  Directions  for  Vertical  Angles 


I 


Zenith  Direction 

t  Zenith 


I 


Nadir  Direction 


Direction  by  Bearing  or  Azimuth 


Direction  by  Bearing 


North 

0^ 


West 


South 


Di/ection  by  Azimuth 


North  North 


South  South 
Azimuth  South  (Azg)  Azimuth  North  (Az^) 

Example:   Azs  -  246"07'53''  Example:   Az^  -  BeWSS" 
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ASSIGNMENT  SHEET  #1  -  CONVERT  BEARINGS  AND  AZIMUTHS 

TO  THEIR  OPPOSITE  FORMS 


Directions:  Accurately  convert  each  of  the  given  I.  arings  or  azimuths  to  its  opposite  form, 
first  by  sketching  its  direction  on  the  provided  quadrant  drawing,  then  calculating  its  written 
form  and  recordiny  your  answers  in  the  blanks  provided. 


Examples: 


Azimuth  to  Bearing 
Given.  A2  N  W2^30' 


Bearing  to  Azimuth 
Given:  N  42«*51'W 


Bearing:.. 


S  77'>30'E 


Azinuith  N:      Az  N:  222°5r 


1.     Azimuths  to  bearings: 
a.  Az  N.  214«'12' 


b.  Az  N:  14  "43' 


c.  Az  S:  ir2'»35' 


d  Az  N:  172M1' 


1 


I 

I 

I 


c.  AzS:273''54' 


f.  Az  N:  298'*26' 
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2.     Bearings  to  azimuths 
a.  S41»22'W 


I 


AzN; 


d.  N  70''32'W 


Az  N: 


b.  N  26<»54'W 

I 
I 


Az  N  : 


e.  S  14*41 'E 
I 
I 


Az  S: 


C.  N  81«47'C 


Az  S: 


f.  S  88»52'W 


Az  N: 


3.     Bearings  and  azimuths  from  north 
a.  b. 


32°10' 


Az  N:„. 
Bearing: 


Az  N:  

Bearing; 


N 


134*>13' 
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Az  S:   Az  S:  

Bearing-^   Bearingi 
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ASSIGNMENT  SHEET  #2      CALCULATE  BEARINGS  AND  AZIMUTHS 

FROM  INTERIOR  ANGLES 


Directions:  Calculate  *>ne  correct  bearing  and  azimuth  for  each  of  the  given  angles  below. 
Record  your  answers  in  the  blanks  provided. 


Example: 


Az  N:..„._ 
Bearing:  


N  77«46' 


N  77M6'  E 


Az  N:. 


Bearing; 


N  127°28' 


s  sa^sa'  E 


Az  N:  Az  N:  Az  N:_ 

Bearing:__„_   Bearing:   Bearing:. 


Az  N:_ 
Bearing; 


Az  N:„ 
Bearing: 


Az  N;_ 
Bearing:. 
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Use  the  following  sketch  and  listed  Interior  angles  to  compute  the  bearings  for  each 
course: 


Angles 

A~ 

B  ~ 

63*47' 00" 

C~ 

140«28'50'' 

D  ~ 

101 '^'20" 

E  — 

72"48'10'' 

SSy^lTS'lZO" 
540'00' 00"  (closed) 

List  each  of  the  bearings  for  each  course  if  course  A-B  had  a  bears'- of  ^  76*40' 10"W. 

Course  Bearing 

A-B  N  76*40' 10"W 

B-C   ,  

C-D   

D-E  

E-A   


Use  the  following  sketch  and  listed  Interior  angles  to  compute  the  azimuths  for  each 
course: 

 Angles  D 

A—  161'26'40'' 

B  —  63*47' 00" 

C  —  140*28' 50" 

D—  101*30' 20" 

E—  72*48' 10"  S 


537*178' 120- 
=   540W  00"  (closed) 


List  each  of  the  azimuths  for  each  course  if  course  A-B  had  an  azimuth  of  N2e3*19'50' 

Course  Azimuth 

A-B  N283*19'50" 

B-C  

C-D   

D-E  

E-A 


s- 
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ASSIGNMENT  SHFTT  #3  -  CALCULATE  BEARINGS  AND  AZiWlUTHS 

FROM  DEFLECTION  ANGLES 


Directions:  Accurately  calculate  the  proper  bearing  or  azimuth  from  each  of  the  given  deflec- 
tion angles.  Record  answers  in  the  blanks  provided. 


Example: 


Line  A-B  Line  B  C  Line  C-D  Line  D  E 

Brg:       N90°00'E      Brg:       S68''30'E      Brg:       N  72WE      Rrp:       N  89*^)7' F. 


1.     Compute  the  bearings  for  each  of  the  following  courses  if  course  A-B  has  a  bearing  of  N 
86°12'20"E. 


20*'12'20"LT 


Course  Bearing 


AS 

B-C 


N  86''12'20'^ 
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Compute  the  azinjuths  tor  eacfi  of  foilowing  courses  it  course  A  B  had  an  azimuth  of 
N  81 ''SO' 15", 


20 "12 '20"  LT 


Course  A?imuth 

A-B  NSI'SO'IB" 

B-C   

CD    _ 

D  E   ^  

E-F 


Compute  the  azimutri^;  and  bearings  of  each  course  if  coursf;  A-B  is  S  87°3r40''E. 


Course  Bearing  A^imutfj 

A-B  S87'^1'40"E 

B-C    ■  " 

c-D  1  'Z, Z  ' 
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A:-  94  "13' 


n 


I 

i  \ 
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7. 


6*: 


v 


CP 


1 


8. 
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ANSWERS  TO  ASSIGNMENT  SHEETS 


Asskjnnmnl  Sheet  #1 
1, 


2. 


a. 

S  34*^1 2*  0"W 

t>. 

N  14''43'00"E 

c. 

N  07''25'00"W 

d. 

S  07«>19'00"E 

o. 

S  86'W00''E 

f. 

N  61*34'00"W 

a. 

Az  N  221'»22'00'' 

b. 

N  333  WOO" 

c. 

AzS261''47'00" 

d. 

Az  N  289*^8' 00" 

e. 

A/.  S  345«*19'00'' 

f. 

Az  N  268°52'00" 

a. 

Az  N:  32*10*00" 

Brg:  N  32*10'00"E 

b. 

Az  N:  134  "IS'OO" 

Brg:  S  45'*47'00'T 

c. 

AzS:  97*^' 00" 

Brg:  N  82*54' OO'W 

Az  S:  46*29' 00" 

Brg;  S  46*29' 00"W 

Assignment  Sheet  #2 

1.  Az:  278 WOO" 
Brg:  N  81»57'00"W 

2.  Az:  295 "55' 00" 
Brg:  N  64«^5'00"W 

3.  Az;  ze'^se'oo" 

Brg:  N  28''36'00"E 

4.  ^,z:  173*^8' 00" 
Brg:  S  06«^'00"E 

5.  Az;  267'^3'00'' 
Brg;  S  87*^3' 00"W 

6.  Az:22n4'00'' 
Brg:  S  41  "14  X)'W 


A-B:  N  76°40'10'W 
B-C:  N  39*'32'50"F 
C  D:  N  79*04' CC 
D  E:  S  22*26' 2f 
E-A:  S84*'45'30 

A'B:  N  283*'19'50" 
B-C:  N  39*^2' 50" 
C-D;  N  79 WOO" 
t>E:  N  159'*33'40'' 
E-A:  N  264 ''45' 30" 
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C  D  S  89"57'30*'E 
D  T:;  N  58°20'25T; 
F  F.  S  ti6M4'45"E 


A-B;  N  81 '50' 16" 
B-C:  N  105''(>2'45" 
C  D:  N  85°40'25" 
D-E:  N  53 "58 '20" 
E-F;  N  108«'53'10" 


Fiearincis 
A  B  SH7''3r40"E 
B  C:.  S  66'*0r40"E 
C  L\  N  74"54'20''E 
D'E:  S  B8«24'40T. 


Azimuths 

92*'28'20'' 

113*58'20' 

74''54'20" 

9r35'20" 


;'inipnt  Sheet  #4 


(•»o°u:r  00" 

fi2*'5B'O0" 

4ft  "47' 50" 
59^^30' 55" 


6. 
7. 
8. 
9. 
10. 


102*'45'40'' 
86 "33' 32" 
35°10'50" 

201 "42-31" 
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UNIT  V 


NAME.. 


TEST 


Match  the  terms  on  the  right  with  the  correct  definitions. 

 a.      A  line  that  runs  north-south,  converging  at 

the  poles,  formed  by  projecting  the  longi^ 
tude  angle  out  to  the  surface  of  the  earth  at 
the  equator 


_.t>.  A  closed  plane  figure  bounced  by  straight 
lines 

.^„c.  A  line  formed  on  the  mean  surface  of  the 
earth  joining  the  north  and  south  poles 

_  A  line  on  a  map  joining  points  on  the  earth's 
surface  at  which  the  magnetic  declination  is 
the  same 


1.  Angle 

Z  Declination 

3.  Isogonic  line 

4.  Latitude 

5.  Longitude 

6  Meridian 

7  Polygon 


 e.      The  space  made  between  two  straight  lines 

that  intersect,  normally  measured  in 
degrees  or  grads 

 f.       The  angle  formed  between  a  magnetic  nee- 
dle and  the  geographic  meridian 

 _  _g.      A  line  that  runs  east-west,  is  parallel  to  the 

equator,  and  is  formed  by  projecting  the  lati- 
tude angle  cut  to  the  earth's  surface 

Distinguish  between  the  systems  of  angular  measurement  by  placing  an  "X*'  next  to  the 
characteristics  of  the  sexagegesmat  system. 

 ^a.      Used  in  the  United  States;  based  on  degrees,  minutes,  and  seconds 

 b.      Used  in  most  European  countries;  400  grads  equal  360  degrees 

 c.      Is  more  sui.able  to  computers;  based  on  the  2^R  system 


Match  the  types  of  reference  meridians  on  the  right  with  the  correct  descriptions. 


.a.      A  line  that  runs  parallel  to  the  direction  of  a 
free  moving  magnetized  needle,  as  in  a  com- 

PBwS 

.b.      A  line  that  is  parallel  to  a  grid  reference  or  a 
central  meriiiiin 

A  line  formed  by  the  intersection  with  the 
earth's  surface  of  a  plane  that  includes  the 
earth's  axis  of  rotation 


1.  Geographic  meridian 

2  Grid  meridian 

3.  Magnetic  meridian 


786 


TFST 


Label  tMo  typcr.  o1  vt'fti.\-.i  .ir,r,:t«,  .jfv-U  ;-i''»fV' 


if  . 


i 
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i(ir-nt!fv  the  ty;;;-'-!.      no: irons ■■>(  .t!t;iir';  'v,  i.'icjsru;  tfii-  r!>n.      .^n.-'-wrrs  In-low 


\ 


r 


a.  Angle  moasuriny  nO'^aO'      (Exterior,  Interior)  angle 

b.  AnqSe  measuring  ?3y''45'  -  (Exterior,  interior  anoie 
c  Anqie  r!ie;j<;urinq  26/  .  j'  -  lEKterior,  Interior)  w-innie 
d.  AfKite  fnrN'isurina  ^P'^^'      (Exterion  fnterion  isnoU^ 


7 

'1  10° 


0/ 
/ 

/ 


70* 


/ 


/ 

/■  70° 


/  / 


A 


40V 


B 


o.       Angles  to  the  (left,  right) 


41K)' 


1 1tr- 


I.       Annies  to  thn  (left  right) 
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Q.      (Reflection,  Deflection)  ancjios 

6.     Distinguish  between  the  three  coninn    methods  of  niving  direc  tion  to  a  line  by  placing 
the  following  letters  next  to  the  correct  tJoKcnptions: 


• 

M  - 

Magnetic  directions 

• 

B  - 

Bearing  directions 

• 

A  - 

Azimuth  directions 

a. 

Require  two  letters  (qu^nimnt  lottors)  and  a  numerical  value 

^  b. 

Require  only  a  numerical  vaiue 

c. 

Are  measured  from  north  only  in  any  one  sur/ey,  or  from  3outh  only 

d. 

Arc  based  or;  the  use     a  compass 

e. 

Are  measured  from  tti  north  or  south  end  of  a  meridian 

f. 

Range  from  0  to  90";  can  n^^vcr  be  greater  than  90° 

Range  in  magnitude  frorn  0'*  to  360'' 

h. 

Are  measured  clockwise  only 

Are  measured  clockwi«>e  or  couriterclockwise 

7.     Convert  the  following  hoaritigs  and  a/imiiths. 

a.  14''43'  =  Brg  

b.  Az  N  284°15'  =  Brg   

c.  AzS92''45'  -  Brq  .   

d.  Bearing  N  60''25'E  =  A/  N 

e.  Bearing  S  27*'40'  iri"W A/ N 


9  '  : 
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8.  State  the  correct  ailes  for  converting  back  directions  from  bearings  and  azimuths. 

a.  To  reverse  a  bearing  direction,  

b.  To  reverse  an  azimuth  direction,  

(NOTE:  If  the  following  activities  have  not  been  accomplisfted  prior  to  the  test,  ask  your 
instructor  v^hen  they  should  be  completed.) 

9.  Convert  bearings  and  azimuths  to  their  opposite  forms.  (Assignment  Sheet  #1) 

10.  Calculate  bearings  and  azimuths  from  interior  angles.  (Assignment  Sheet  #2) 

11.  Calculate  bbarings  ar  d  azimuths  from  deflection  angles.  (Assignment  Sheet  #3) 

12.  (invert  bearings  and  azimuths  into  interior  angles.  (Assignment  Sheet  #4) 


ANGLES  AND  DIRECTIONS 
UNIT  V 


ANSWERS  TO  TEST 


a.  5 

b.  7 

c.  6 
3 

e.  1 

f.  2 

g-  4 


a.  3 

b.  2 

c.  1 


a.  Zenith  angle 

b.  Plus  angle 

c.  Minus  angle 

d.  Nadir  angle 

a.  Interior 

b.  Exterior 

c.  Exterior 

d.  Interior 

e.  Right 

f.  Left 

g.  Deflection 

a.  B  f.  B 

b.  A  g.  A 

c.  A  h.  A 

d.  M  i.  B 

e.  B 

a.  N  14''43'00"E 

b.  N  75M5'00"W 

c.  N  87''15'00"W 

d.  ecas'oo" 

e.  207 "40' 15" 

a.  Reverso  the  directions  letters 

b.  Add  180"  io  the  original  direction 

Evaluated  to  the  satisfaction  of  the  instructor 
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ANGULAR  MEASUREMENTS 

UNIT  Vi 


UNrr  OBJECTIVE 

After  completion  of  this  unit,  the  student  should  bB  able  to  identify  the  major  parts  of  a  transit, 
interpret  reujings  on  different  types  of  vernier  scales,  accurately  set  up  a  transit  and  a  theodo- 
lite over  desired  fx>ints  with  satisfactory  efficiency;  and  precisely  ®(ecute  tf>e  proper  method 
of  turning  field  angles.  Competencies  will  be  demonstrated  by  con^tty  performing  the  proce- 
dures outlined  in  the  assignment  and  job  sh^s  and  by  scoring  85  percent  on  the  unit  t^t. 

SPECIFIC  OBJECTIVES 

After  completion  of  this  unit,  the  student  should  be  able  to: 

1.  Match  terms  reiatmi  to  angular  measurements  with  the  correct  definitions. 

2.  List  uses  of  transits  and  th^olites. 

3.  Identify  the  major  parts  of  a  transit. 

4.  Distinguish  between  characteristics  of  transits  and  theodolites. 

5.  Distinguish  between  the  major  tyi^  of  verniers, 
a  interpret  reaiings  on  different  styles  of  verniers. 

7.  List  typical  mistakes  made  in  reading  verniers. 

8.  Differentiate  totween  the  two  major  types  of  theodolites. 

9.  Describe  the  field  procedure  used  to  determine  if  minor  Instrument  adjustments 
are  necmsary  on  piate-ie^l  vials  and  the  vertical  crc^  hair. 

10.  Accurately  read  various  types  of  verniers  on  transits.  (Assignment  Sheet  #1) 


OBJECTIVE  SHEET 

Demonstrate  the  ability  to: 

a      Set  up  a  transit  over  a  desired  point.  (Job  Sheet  #1) 

b.  Measure  and  read  angles  in  the  field.  (Job  Sh<  Jt  #2) 

c.  Set  up  a  theodolite  over  a  desired  point.  (Job  Sheet  #3) 
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ANGULAR  MEASUREMENTS 
UNIT  VI 

SUGGESTED  ACTIVITIES 

A.  Obtain  additional  materials  and/or  invite  resource  people  to  class  to  supplement/rein- 
force information  provided  in  this  unit  of  instruction. 

(NOTE:  This  activity  should  be  completed  prior  to  the  teaching  of  this  unit.) 

B.  Make  transparencies  from  the  transparency  masters  included  with  this  unit. 

C.  Provide  students  with  objective  sheet. 

D.  Discuss  unit  and  specific  obje  lives. 

E.  Provide  students  with  information  and  assignment  sheets. 
f.      Discuss  information  and  assignment  sheets. 

(NOTE:  Use  the  try*-,  .parencies  to  enhance  the  information  as  needed,) 

G.  Provide  students  with  job  sheets. 

H.  Discuss  and  demonstrate  the  proceduies  outlined  in  the  job  sheets. 

I.  Integra  ,  the  following  activities  throughout  the  teaching  of  this  unit: 

1.  Discuss  the  need  for  speed  in  setting  up  instruments.  You  may  wish  to  have  con- 
tests to  encourage  students  to  work  on  their  speed. 

2.  Have  students  set  up  the  instrument  on  various  types  of  terrain  -  sloping,  flat, 
pavement,  steep,  rough  areas,  etc. 

3.  Have  slud-^nts  lay  out  desired  angles  as  an  exercise,  putting  points  on  lir-o- 

4.  Have  students  practice  on  wiggling  in  on  line  between  points. 

5.  Meet  individually  with  students  to  evaluate  their  progress  through  this  unit  of 
instruction,  and  indicate  to  them  possitle  areas  for  improvement. 

J.      Give  teat. 

K.      Evaluate  test, 

L.      Reteach  if  necessary. 
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INSTRUCTIONAL  MATERIALS  INCLUDED  IN  THIS  UNIT 


A.  Objective  sheet 

B.  Information  sheet 

C.  Transparency  masters 

1.  TM  1  —  Parts  of  a  Transit 

2.  TM  2  ~  Reading  a  Vernier 

D.  Assignment  Sheet  #1  —  Accurately  Read  Various  Types  of  Verniers  on  Transits 

E.  Answers  to  assignment  sheet 
H      Job  sheets 

1,  Job  Shoet  #1  —  Set  Up  a  Transit  Over  a  Desired  Point 

2,  Job  Sheet  #2  —  Measure  and  Read  Angles  in  the  Field 

3,  Job  Sheet  #3  —  Set  Up  a  Theodolite  Over  a  Desired  Point 

G.  Test 

H.  Ansv^ers  to  test 

REFERENCES  USED  IN  WRITING  THIS  UNIT 

A.  Kavanagh,  Barry  and  S.  J.  Glenn  Bird  Surveying:  Principles  and  AppHcations.  Reston, 
VA:  Reston  Publishing  Co.,  Inc..  1984. 

B.  Bfinker,  R.C..  a..J  RR.  Wolf.  Elementary  Surveying,  7th  ed.  New  York.  NY;  Harper  and 
Row.  1984. 

C.  Kissam.  Phillip.  Surveying  Practice,  3rd  ed.  New  York.  NY;  McGraw  Hill  Book  Company, 
1978. 

SUPPLEMENTARY  TEXTBOOKS 

A.  Davis.  R.E..  F.S.  Foote,  and  J.H.  Kelly.  Surveyirjg,  5th  ed.  New  York,  NY:  McGraw  Hill 
Book  Company,  1966. 

B.  Kissam,  Phillip,  Sun/eying  for  Civil  Engineers.  New  York,  NY:  McGraw  Hill  Book  Com- 

toy,  1976. 

C.  Breed.  Hosmer  {Fang.  Barry).  Principles  and  Practices  of  Elementary  Surveying,  1 1th  ed. 
New  York,  NY:  Wiley,  1977. 
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ANGULAR  MEASUREMENTS 
UNIT  Vf 

INFORMATION  SHEET 


I.     Terms  and  definitions 

A.  Least  count  -  The  smallest  readme;  obtainat)!e  on  a  vfnnier  without  inter- 
polating 

,        ^        value  ol  tht'  smallest  division  on  the  scale 

Least  Count  =    ^    :  —  — 

number  of  divisions;  on  the  vcrnior 

B.  Optical  plummet  ~  A  sighting  device  buiit  mto  tho  base  of  a  th€K)dolite  that 
is  used  to  indicate  vertical  dirc?ction 

C.  Plumb  bob  ~  A  brass  weight  attached  to  a  Ime  on  a  transit  that  is  used  to 
indicate  vertical  direction 

D.  Theodolite  ~  A  precision  ir^sirun^ ur>e(j  for  measuring  horizontal  and 
vertical  angles 

{NOTE:  The  graduated  circlev.  are  normaiiy  more  precisely  graduated  than 
that  of  a  transit.) 

E.  Transit  —  A  repeating  survrytnci  inotruni?Mit  lor  measuring  horizontal  and 
vertical  angles 

R  Vernier  —  A  short  auxiliary  scaio  sat  paralk-i  to  and  beside primary  scale; 
provides  fractional  parts  of  the  smaMer.t  rnain-srak>  divisions  without  inter- 
polating (Figure  1) 


FIGURE  1 


.     ^  '  Scaio 


IK     Uses  of  transits  and  theodolites 

A,  Primarily  used  for  accurate  mcanur^^nvMi!  or  layout  of  liuii^ontal  and  verti- 
cal angles 

B,  Alsc  used  to  determine  horizontal  and  vertical  distances  by  stadia,  prolong- 
ing straight  lines,  and  low  order  cjifferentiai  toveiing 
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INFORMATION  SHEET 

Major  parts  of  a  transit  or  theodolite  (Figufo  2  and  Transparency  1) 
A.       AUiUsdv  FIGURE  2 

Ver ImmII  cifrlp  vrrnior 
•J      ?v-u^Si.  opc  level 
r      V<;ftK:af  tanqeiit  screw 

A 

7      Piju*  tf»vf^! 


Hon.x^/itai  cirnSf-  (lower  plati^ 

\^  Upprr  cianip  i.crf-^w 

1  Uppof  tangent  sc  rr^w 

1  l-f^voitng  hcac! 

3.  Rar^e  p!al(* 

4.  Half  ban  joint 
5  Lower  cinrnp 

6.  lower  tangent  r.crew 
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INFORMATION  SHEET 

Characteristics  of  transits  and  theodolites 

A.  Transits 

1.  Normally  are  4-screw  instruments. 

2.  Normally  have  open  verniers  (non-magnified). 

3.  Typically  utilize  a  plumb  bob  and  string. 

4.  Usually  have  a  vial  level  on  the  telescope. 

5.  Horizontal  and  vertical  circles  are  normally  made  of  polished  metal 
with  the  graduations  scribed  into  them, 

6.  Rotation  of  the  instrument  occurs  on  a  brass  spindle  rather  than  ball 
bearings. 

B.  Theodolites 

1.  Telescopes  are  shorter  than  that  of  a  transit. 

2.  Horizontal  and  vertical  circles  are  made  of  glass  with  the  gradua- 
tions etched  on  their  surface. 

3.  Graduatiorjb  are  more  easily  defined  and  are  graduated  into  smaller 
increments. 

4.  Vertical  circle  is  precist,iy  indexed  with  respect  to  gravity  by  either  an 
automatic  compensator  or  a  collimation  level  or  index  level. 

5.  Circle  readings  consist  of  a  microscope  with  the  optics  inside  the 
instrument. 

6.  Rotation  about  the  vertical  axis  occurs  within  a  steel  cylinder  or  on 
precision  ball  beanngs. 

7.  The  leveling  head  consists  of  three  leveling  screws  or  "cams." 

8.  An  optical  plummet  built  into  the  base  replaces  the  plumb  bob  and 
permits  centering  with  greater  accuracy. 

9.  Bases  are  fiat,  and  one  tightening  screw  secures  the  instrument  to  a 
flat  head  tripod. 
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V.     Types  of  vertiiers 


A.  Direct  or  single  vernier  -~  Read  in  only  one  diroctiOD  and  -t  ih..-,.-  s,^,  >  ,, 
set  mih  the  graduations  ahead  of  the  .'(;ro  (indrx!  mark  in  :hr  vi'rt  >  m 'to 
be  lurfiod.  (Figure  3)  ^  .  < 

FIGURE  3  —  Graduated  10  rTitnuteB  rr-idincj  to  10  v^  i.'.'nds 


V<'r-)i 


.'if 


B.  Double  or  double  direct  vernier  -  Read  cither  clockwise  or  oounterciork- 
wise.  with  only  one-half  being  used  at  a  time.  Once  the  index  tr^ark  is  set 
comcident  with  0«00'  on  the  circle,  or  at  any  known  value,  an  observpf  is  not 
limited  to  turning  angles  in  one  direction.  (Figures  4.  .'x  and  G) 

1.     Graduated  30  minutes  reading  to  one  nnmih^  tFigiir-  - 
FIGURE  4 


„  A 


READ  HEi^S 

2.     Graduated  20  minutCG  readiruj  to  30  sef.ofi*U.  (r-ir,.>rr  :.  ; 
FIGURE  5 


^0 
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INFORMATION  SHEET 


3.     Graduated  to  15  minutes  reading  to  20  seconds  (Figure  6) 
FIGURE  6 


■•-i  ?  "... 


20 


Folded  vernier  —  Avoids  the  long  vernier  plate  required  by  the  normal  dou- 
ble vernier.  Its  length  is  the  same  as  a  direct  vernier  with  half  the  gradua- 
tions placed  on  each  side  of  the  index  mark,  (Figure  7) 

FIGURE  7  —  Graduated  30  minutes  reading  to  30  seconds 


3o  :    I         \  \ 


READ 


(NOTE:  The  least  count  of  any  vernier  can  be  found  by  the  following  rela- 
tionship: 

f  r     ♦        value  of  th^  smallest  division  on  the  spale 
Least  U)urit  -        number  of  divisions  on  the  vernier 

The  combinations  of  scale  graduations  and  vernier  divisions  generally  used 
on  transits  are  shown  in  Table  1,) 

TABLE  1  ~  TRANSIT  SCALES  AND  VERNIERS 


SCALE  VERNIER  LEAST 

QRADUATtONS    DIVISIONS  COUNT  FIG.  UP. 

30'  30  r  4 

20'  40  30"  5 

30'  60  30*"  7 

15*  45  20"  6 

10'  60  10"  3 
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Reading  transit  verniers  (Transparency  2) 

(NOTE:  Practice  is  the  best  means  of  understanding  and  accurately  readino  verni- 
ers.) 

A.  A  vernier  is  read  by  finding  a  graduation  on  it  that  coincides  with  any  divi- 
sion on  the  circle  scale. 

(NOTE:  On  a  double  vernier  there  should  be  two  such  matching  lines,  one 
for  the  clockwise  angle  and  the  other  for  the  opposite  counterclockwise 

angle.) 

B.  A  vernier  index  shows  the  number  of  degrees  (and  sometimes  the  multiple 
of  10,  15,  20.  or  30  minutes)  passed  over  on  the  scale.  (Figure  8) 

FIGURE  8 


(NOTE:  In  Figure  8  the  index  would  indicate  on  a  clockwise  angle  that  it  has 
passed  over  5/'*30'.  The  index  would  indicate  on  a  counterclockwise  angle 
that  it  has  passed  over  302°.) 

The  coincident  vernier  graduation  gives  directly  the  additional  part  of  the 
degree.  (This  division  on  each  side  of  the  apparently  matching  lines  should 
be  checked  for  visual  symmetry.)  (Figure  9) 

FIGURE  9 


(NOTE:  In  rigure  9  the  vernier  graduation  that  apparently  matches  the  circle 
graduation  for  a  clockwise  angle  would  be  Srw'OO".  The  vernier  gradua- 
tion that  apparently  matches  the  circle  graduation  for  a  counterclockwise 
angle  would  be  302*23' 00".) 
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VII.     Typical  mistakes  made  in  reading  verniers 

A.  Not  using  a  magnifying  glass. 

B.  Reading  the  wrong  direction  from  zero. 

C.  Failing  to  determine  the  least  count  correctly. 

D.  Omitting  10,  15,  20,  or  30  minutes  when  the  index  is  beyond  those  marks. 

E.  Failing  to  read  directly  on  the  line  (parallax  error) 
Viii.     Types  of  theodolites 

A.      Repeating  theodolite  (Figures  10  and  11) 

1.  Equipped  with  a  double  vertical  axis  or  a  repetition  clamp. 

2.  Enables  angles  to  be  repeated  any  number  of  times  and  added 
directly  on  the  instrument  circle. 

FIGURE  10 


INFORMATION  SHEET 


FIGURE  11 


(NOTE:  Both  instruments  have  optical  reading  systems  sh-.    n  in  the 

inset  figures,) 

Directional  theodolite  (Figures  12  and  13) 

1 .  Non-repeating  type  of  instrument;  has  a  single  vertical  axis  so  repeti- 
tion cannot  t)e  performed. 

2.  Has  no  lower  motion,  (Directions  rather  than  angles  are  read.) 
FIGURE  12 
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FIGURE  13 


instrument  adjustments 

A.  Adjustment  of  plate-level  vials 

1.  Field  test  —  Set  up  insi.ument.  bring  one  plate-level  vial  over  two 
opposite  leveling  screws  and  center  it.  Revolve  the  instrument  180' 
over  the  same  leveling  screws.  The  distance  the  bubble  moves  from 
its  centered  position  is  double  the  error. 

2.  Correction  ™  Turn  the  capstan  screws  at  one  end  of  the  level  vial  to 
move  the  bubble  halfway  back  to  the  centered  position.  Level  the 
instrument  with  the  leveling  screws.  Repeat  the  test  until  the  bubble 
remains  centered. 

3.  Adjust  the  other  bubble  in  the  same  manner 

B.  Adjustment  of  vertical  cross  hair 

1.  Field  test  —  Sight  a  well-defined  point  with  one  end  of  the  vertical 
cross  hair.  Turn  the  telescope  on  its  horizontal  axis  so  the  cross  hair 
moves  along  the  point,  if  it  departs,  the  cross  hair  is  not  perpendicu- 
lar to  the  horizontal  axis. 

2.  Adjustments  should  only  be  performed  by  trained  operators.  If  done 
improperly,  minor  adjustment  can  be  magnified  intensely,  leaving 
one  with  no  option  but  to  have  the  instrument  completely  adjusted 
Dy  specialty  p^r^onnel  professionally  trained  in  that  area. 
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Parts  of  a  Transit 


Focusing  Screw 


Vertical  Circle 
V  Telescope 


Standard 


Horizontal 
Circle  Vernier 


Nub  for 
Lower  Clamp 


Leveling  Head— r*^ 


Leveling  Screw 


Eyepiece 
Focusing  Ring 


11 

i } 

Telescope  Level 


^J,_^Vtertical  Tangent  Screw 


Plate  Level 
Upper  Plate 

Horizontal  Circle  Vernier 


f\^<^JaingenX  Screw 

Horizontal  Circle 
(Lower  Plate) 

Inner  Spindle 

Outer  Spindle 

Leveling  Head  Socket 

Base  Plate 


Threads 
for  Tripod 


Half  Ball  Joint 
Plumb  Bob  Chain 


Cross  Hatch  Legend 
of  Thr^  Subassemblies 

O  Alidade 

Horizontal  Circle  Assembly 

I'D  Leveling  Head  Assembly 
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Reading  a  Vernier 


0 


Guiduat^Hi  30  Mn^utes  Rcacfmg  to  One  Minute 
Double  Direct  Vernier 


Cr^idueted  20  Minutes  Reading  to  30  Seconds 
Double  Diroct  Vernief 


C^vvl  360  WOO" 


Vf  rnif?r  Headings 
Check  ^OWQD" 


^0 
19 


Graduati^d  15  Mtnulos  Reatiing  to  M  S^onds 
Double  Direct  Vernier 


Clockwise  Angles  (i.o.  Angles  Turned  to  f'.ie  Right)  Utilize  Only  the  Left  Side  Vernier  Scale. 
Coufiterclockwise  Angles  (i.e.  Angles  lurned  to  the  Left)  Utilize  Only  the  Right  Side  Ver- 
nier Scale. 
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ANGULAR  MEASUREMENTS 
UNIT  VI 


ASSIGNMENT  SHEET  #1  —  ACCURATELY  READ  VARIOUS  TYPES 

OF  VERNIERS  ON  TRANSITS 


Directions:  As  accurntcty  ns  possible  intcrpoU^tr  Ihr  ..offrti  wniK  r  M  viUhic:  f.-r  twcli  prublem 
and  record  your  answer  in  the  appropriaU?  blank. 

Exampte: 


Clockw.so   57"3rO{r' 

Counterclockwisr       '3025^3' 00' 


/ 


10 


A 

T 


J30 
^3o 


r.4o 

270 


\0 


^9 


C!(  ixvisr- 


2. 


A 

10 


^0 


10 


Ciut.kvvisc 
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3^ 


CI(X  kwise 
Counterclockwise 


20    ,  B 


CtQCkWiSD 

Counterclockwise 


Clockwise 
Cuunteratockwise 
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CJockwii^e 
Ct">unlrrcl^ckwisc 


^20 


Clockwise 
Gi>unt^uciockwise 


Clockwise 
Counterciuckv^/ise 


ANGULAR  MEASUREI/iENTS 
UNIT  VI 


ANSWERS  TO  ASSIGNMENT  SHEET  #1 

(NOTE:  Due  to  the  loss  of  clarity  in  the  i^rinting  procnss,  the  students  answers  may  vary 
slightly  from  these  given.) 

1.  Clockwise    221 '^'O" 
Counterclockwise    138*^0' 0" 

2.  Clockwise  355"X)'0" 

3.  Clockwise  342''35'0'' 
Counterclockwise    17^25' 0" 

4.  Clockwise  49«*50'30" 
Counterclockwise  lacOB'SO" 

5.  Clockwise    351  "35' 20" 
Counterclockwise  8''24'40'' 

6.  Clockwise  SSS^IO'SO" 
Counterclockwise  4°49'30" 

7.  Clockwise    355 "M' 40" 
Counterclockwise  4''05'20" 

a     Clockwise  357°19'0" 

Counterclockwise    2*4 1'O" 


ANGULAR  MEASUREMENTS 
UNIT  VI 


JOB  SHEET  #1  —  SET  UP  A  TRANSIT 
OVER  A  DESIRED  POINT 

Tools  and  materials 

1.  Transit  {4-screw) 

2.  Tripod 

3.  Hammer 

4.  Stake  (with  tack) 
Procedure 

1.  Remove  transit  from  its  case.  Hold  it  by  its  standards,  never  by  the  telescope. 

2.  Place  on  tripod.  Screw  leveling  head  on  tripod  snuggly  whue  holding  instrument 
with  one  hand. 

(NOTE:  A  transit  may  be  carried  while  attached  to  the  tripod  by  placing  overonels 
shoulder,  if  passing  under  obstructions  or  indoors,  the  instrument  should  be  car- 
ried In  front  with  tripod  cradled  so  the  instrument  can  be  seen.       Figure  1.) 

FIGURE  1 
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JOB  SHEET  #1 

Pound  stake  with  tack  in  center  into  the  ground  where  set-up  is  going  to  take 
place. 

Place  instrument  roughly  over  desired  point  and  adjust  the  legs  of  the  tripod  so 
that: 

a.  The  instrument  is  at  a  convenient  height. 

b.  The  tripod  plate  Is  nearly  level. 

(NOTE:  Usually  two  legs  are  placed  on  the  ground  and  the  instrument  Is 
roughly  leveled  and  manipulated  into  position  by  moving  the  third  leg.  See 
Figure  2.) 

FIGURE  2 


5.     Tighten  the  wing  nuts  on  the  tripod  legs  when  i  i  position. 


3. 
4. 
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JOB  SHEET  #1 


6.     Secure  a  plumb  bob  to  the  plumb  bob  chain  and  hook.  The  bob  should  hang  from 
the  leveling  head  and  be  slightly  alx>ve  the  desired  point  of  set  up.  (Figure  3) 

FIGURE  3 


7.    Slowly  secure  the  tripod  legs  Into  the  ground  taking  care  not  to  jar  the  instru- 
ment. (Figure  4) 

(NOTE:  If  necessary,  adjust  the  plumb  bob  string  so  it  remains  hanging  free 
above  point.  When  the  plumb  tK>b  point  is  within  inch  from  desired  point,  the 
Instrument  is  then  leveled.) 

FIGURE  4 
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JOB  SHEET  #1 


8.  Loosen  two  adjacent  leveling  screws  slightly  to  release  tension  so  that  the  tran- 
sit can  be  shifted  laterally  until  it  is  precisely  over  the  point.  Then  retighten  th*: 
same  two  screws. 

9.  Center  the  }e^^ling  tubes  or  plate  levels  tiirectly  over  two  opposite  leveling 
screws  by  rotating  the  alidade. 

10.  Begin  adjusting  the  level  bubble  by  turning  the  two  (opposite)  leveling  screws 
that  are  directly  beneath  the  level  vial.  Proper  tension  is  important  at  this  stage. 
Leave  the  screws  firmly  secure  but  not  bound. 

(NOTE;  The  general  rule  of  "thumbs-in,  thumbsout'  can  be  used  to  gradually  tip 
the  alidade  until  the  bubble  is  centered  in  the  level  vial.) 

1 1 .  Duplicate  this  procedune  using  the  two  remaining  leveling  screws  and  the  oppo- 
site level  vial. 

12.  Repeat  the  leveling  steps  a  second  or  third  time  to  eliminate  any  minor  adjust- 
ments to  the  level  bubbles. 

13.  Once  the  instrument  Is  accurately  leveled,  the  screws  may  be  loosened  slightly 
and  the  leveling  head  shifted  to  position  the  plumb  bob  point  directly  over  the 
desired  point  of  setup.  Care  must  be  taken  if  this  Is  done. 

a.  It  can  be  shifted  right  or  left  but  not  turned  on  the  leveling  head. 

b.  Any  leveling  screw  must  be  retightened  back  to  Its  original  point. 
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ANGULAR  MEASUREMENTS 
UNIT  VI 


JOB  SHEET  #2  -  MEASURE  AND  READ  ANGLES  IN  THE  FIELD 

Tools  and  materials 


1. 

Transit 

2. 

Tripod 

3. 

Range  poles 

4. 

Stakes 

5. 

Hammer 

6. 

Field  t>ook 

7. 

Pencil 

Procedure 

1 .    Set  three  stakes  in  ground  approximately  5(X)'  apart  with  an  acute  angle  t>etween 
them.  (Figure  1) 

FIGURE  1  Pt.  "A" 


Pt.  "B"  • 


2.    Set  up  the  transit  over  Point  "A". 

(NOTE:  Refer  to  Job  Sheet  #1  for  instruction.  Assuming  that  the  instrument  is 
over  the  point  and  level,  the  following  procedure  is  used  to  turn  and  "double"  an 
angle.  "Ibrning  an  angle  at  least  twice  permits  the  elimination  of  mistakes  and 
increases  precision  owing  to  the  elimination  of  most  instrument  errors.) 


JOB  SHEET  #2 

Set  the  scales  to  zero.  (Figure  2) 

a.  Loosen  both  the  upper  and  lower  motion  ciamps. 

b.  Hold  the  alidade  stationary,  and  revolve  the  circle  by  pushing  on  the  circle 
underside  with  the  fingertips. 

c.  When  zero  is  close  to  the  index  point  of  the  vernier,  tighten  the  upper 
clamp. 

d.  With  a  magnifying  glass,  slowly  turn  the  upper  tangent  screvk^  until  the 
zeros  are  precisely  in  line. 

FIGURE  2 


Sight  the  Initial  point  (or  backsight),  in  this  case  ^oint  "C". 

a.  With  the  upper  clamp  tightened  and  the  lower  clamp  loose,  turn  and  point 
the  telescope  towards  the  initial  point. 

b.  Once  relatively  close  to  the  desired  position,  tighten  the  lower  clamp. 

c.  While  observing  the  point  through  the  telescope,  slowly  turn  the  lower  tan- 
gent screw  until  precisely  in  line  with  the  initial  point. 

(NOTE:  The  vertical  cross  hair  should  be  centered  on  the  point  being 
observed.  Backsights  should  be  equal  to  or  longer  than  foresights.) 

Turn  the  horizontal  angle. 

a.      Loosen  the  upper  damp  and  turn  the  telescope  clockwise  toward  the  final 
point  (or  foresight  in  this  case  Point  "B". 
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JOB  SHEET  #2 

b.  When  point  is  close  to  the  vertical  cross  hair,  tighten  the  upper  clamp. 

c.  Slowly  turn  the  upper  tangent  screw  until  the  vertical  cross  hair  is  pre- 
cisely in  position, 

a     Read  the  angle.  (Ficjure  3) 

FIGURE  3 


a-      Obsen/e  the  vernier  and  determine  the  angle  using  a  magnifying  glass, 
b.      Record  the  value  in  the  field  book  in  the  appropriate  column.  (Figure  4) 
7.     Repeal  the  angle. 

a.  After  the  InitiBl  angle  hacJ  t)oen  recorded,  *'p)unge"  or  "Invert**  the  tele- 
scope. 

b.  Loosen  the  lowf^r  tnotion  and  sight  the  initial  point  or  original  backsight 
point. 

c.  Tighten  the  lower  clamp. 

d.  Repeat  steps  5  and  6  except  that  the  telescope  is  now  inverted  and  the  ini- 
tial horizontal  angle  setting  is  that  of  the  initial  angle. 

e.  Record  the  'doubled"  angle  in  the  appropriate  column.  (Figure  4) 

(NOTE:  This  job  skill  can  be  performed  again  from  Point  "B"  recording  the  angle 
of  A  B^C.  The  instrument  can  also  t>e  set  on  Point  ^^C**  and  that  angle  measured.) 
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JOB  SHEET  #2 
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ANGULAR  MEASUREMENTS 
UNIT  VI 


JOB  SHEET  #3  —  SET  UP  A  THEODOLITE  OVER 
A  DESIRED  POINT 

Tools  and  materials 

1.  Theodolite  (3  screw) 

2.  Tripod 

3.  Hammer 

4.  Stake  and  tack 
Procedure 

1.  Remove  instrument  from  its  case. 

2.  Place  it  on  the  tripod,  taking  care  to  securely  fasten  the  Wh"  nut  on  the  bottom  of 
the  tripod. 

3.  Place  instrument  over  the  point  with  the  tripod  plate  as  level  as  possible. 

4.  Check  to  see  that  the  station  point  can  be  t>een  through  the  optical  plummet. 
(Figure  1) 

FIGURE  1 


(NOTE:  The  theodolite  can  be  set  up  in  much  the  same  manner  as  a  transit,  the 
major  difference  lying  in  the  use  of  an  optical  plummet.  Although  the  optic  plum- 
met results  in  more  precise  positioning,  it  is.  for  the  beginner,  more  difficult  to 
use.  Therefore,  to  reduce  setup  time,  a  systematic  approach  is  recommended.) 

5.     Firmly  set  the  tripod  legs  in  the  ground. 


JOB  SHEET  #3 


While  lookinp  through  the  optica!  plummet,  manipulate  the  ieveling  screws  until 
the  cross  hairs  or  bull^  eye  of  the  optical  plummet  is  directly  on  the  station  point. 
(Figure  2) 

FIGURE  2 


Level  up  the  circular  bubble  on  the  theodolite  by  adjusting  the  tripod  legs  up  o. 
down.  (Figure  3) 

FIGURE  3 


Verify  that  the  cross  hair  or  bull's  eye  is  still  quite  close  to  being  over  the  station 
point. 

Center  the  circular  bubble  exactly  by  making  minor  adjustments  to  the  leveling 
screws. 

Loosen  the  Iripod  clamp  bolt  slightly  and  slide  the  theodolite  until  the  cross  hair 
is  directly  over  the  station  point. 

(NOTE:  When  sliding  the  instrument  across  the  base  of  the  tripod,  do  not  twist  or 
turn  the  instrument,  but  move  it  in  a  rectangular  fcohion.) 

To  precisely  level  the  instrument,  center  the  tubular  level  by  aligning  the  bubble 
parallel  with  the  adjacent  foot  screws.  Once  centered,  turn  instrument  ^*  and 
relevel  via!  using  the  untouched  leveling  screw. 
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NAMf: 


TEST 


Match  the  terms  on  the  right  with  the  correct  definitions. 


A  repeating  surveying  instrument  for  mea^ 
suring  horizontal  and  vertical  angles 

A  sighting  device  built  into  the  base  of  a  the^ 
cdolite  used  to  indicate  vertt.:al  direction 


1.  Least  count 

2.  Optical  piurnmet 

3.  Plumb  bob 


c.      A  short  auxiliary  scale  set  parallel  to  and      4.  Theodolite 
beside  a  primary  scale:  provides  fractional 
parts  of  the  smallest  main-scale  divisions       b.  Transit 
v^ithoul  interpolating 

i\  Vernier 

^d.       The  smallest  roading  obtatnribie  on  a  vernier 
without  interpolating^ 

.e.       A  brass  weight  attached  to  a  line  on  a  tran 
sit  that  is  used  to  indicate-  vertical  direcfion 


._f.       A  precision  instrunumt  ut-od  lor  mt^asunfig 
horizontal  and  verlii  at  ai^nW  s 


List  one  use  of  transits  and  thro(ioiitr! 


7  r  S  r 


4       DK-^trnuU''"f'  i--'-!v 


'5/  ^ 
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TEST 


!n!c?rpret  the  foUowiny  reaclinqs  on  t^e  ({iflemn?  f.tv!es  i»f  vvfniv^^;- 


Clockwise  


t}.  CiocKWJse    

CcHintwMockwisp  ,  

List  thr(?e  typical  mistakes  made  in  fcadino  vorniort;. 


Differentiate  between  the  two  major  types  of  theodoHten  by  piacincj  an  "X  "  n^^yt  to  tfv: 
cicscnption(s)  of  a  repeating  theodolite,  and  an  "O"  next  to  the  ciescriptjonfs)  *">f  a  d'fr-^ 
tional  theodolite. 

.    _o       Has  no  lower  motion.  (Directior^s  rather  ^^!a^  r^nple?  are  'e?/j ! 

  h.      Equipped  with  a  double  vertical  axis, 

 c.       Has  a  single  vertical  axis 

 d.       Enables  angles  to  be  repeated  any  nurnbef     hnies  .tnri  ridd--^{i  diiodiv  (^n 

the  instrument  circle. 


TEST 


Ik       VortK:al  cross  ha^r 


mstruclof  wtien  thoy  should  ho  crvTjplc'tod  ) 
1  L     !'^r-'nion*.!i'^Ji.'  tbr  :it>ilitv  to 


ANGULAR  MEASUREMENT 
UNIT  VI 


ANSWERS  TO  TEST 


b.  2 

C.  6 
1 

e.  3 
f  4 

Either  one  of  the  foHovving: 

a.  Primarily  used  for  accurate  r        rement  or  layout  of  horizontal  and  vertical 
angles 

b.  Also  used  to  determine  horizontal  and  vertical  distances  by  stadia,  prolonging 
straight  lines,  and  low  order  differential  leveling 

a.  Vertical  circle 

b.  Telescope 
Telescope  level 

d.  Vertical  circle  vernier 

e.  Plate  level 

f.  Upper  plate 

g.  Horizontal  circle  vernier 

h.  Upper  tangent  screw 

i.  Horizontal  circle  (lower  pMto) 
j.  Inner  spindle 

k.       Outer  spindle 
I.        Leveling  screw 


a. 

TH 

f.  TH 

b. 

TR 

q.  TH 

c. 

TR 

h.  TR 

d. 

TR 

i.  Tf-i 

if. 

TH 

J.  IH 

a. 

0 

b. 

X 

c 

F 

a. 

Clockwise  - 

-  184°08' 

Counterciockwise  —  175^?' 

b.  Clockwise  —  342^35' 
Counterclockwise-  17'='25' 

Any  three  of  the  following: 

a.       Not  using  a  magnifying  glass. 

t>.       Reading  the  wrong  direction  from  zero. 

c.  Failing  to  deterniine  the  least  count  correctly, 

d.  Omitting  10,  15.  20,  or  30  minutes  when  the  index  is  boyond  those  marks 

e.  Failing  to  read  directly  on  the  line  (parallel  error). 


ANSWERS  TO  TEST 


.1  o 
;^  X 
O 

M  X 

t\*r;oriptions  Should  mcludc: 

a.  Set  up  instrument,  bring  one  plate  levei  via!  over  two  opposite  leveling  screws 
and  conter  it.  Revolve  the  instrument  180''  over  the  same  leveling  screws.  The 
Uisj^mce  the  bubble  moves  from  its  centered  position  is  double  the  error 

n.  Signt  a  well-defined  point  with  one  end  of  the  vertical  cross  hair  Turn  the  tele- 
scope  on  its  horizontal  ax;s  so  the  cross  hair  moves  along  the  point.  If  it  departs, 
the  cross  hair  is  not  perpendicular  to  the  horizontal  axis. 

f  valuiUod  to  the  satisfaction  of  tf'e  instructor 

FV  rkvnrtanco  i-^kiils  evaluated  to  the  satisfaction  of  the  snstruclor 


TRAVERSING  AND  RELATED  CALCULATIONS 

UNIT  VII 


UNIT  OBJECTIVE 


After  completion  of  this  unit,  the  student  should  be  able  to  Identity  the  types  of  traverses  com- 
monly used,  describe  the  methods  used  to  obtain  traverse  angles,  an-ange  in  order  the  steps 
taken  to  properly  compute  a  traverse  closure,  accurately  compute  traverse  closures  and 
areas,  and  fWBrform  traversing  operations.  Competencies  will  be  demonstrated  by  correctly 
performing  the  procedures  outlined  in  the  job  and  assignment  sheets  and  by  scoring  86  per- 
cent on  the  unit  test. 


SPECIFIC  O&IECTIVES 


After  completion  of  this  unit,  the  student  should  be  able  to; 

1.  Match  terms  related  to  traversing  with  the  correct  definitions. 

2.  Identify  the  types  of  traverses  commonly  used  in  surveying. 

3.  I>escribe  the  methods  of  measuring  tra\«rse  angles  or  directions. 

4.  Select  true  statements  concerning  the  proper  location  of  traverse  station  points. 

5.  List  major  sources  of  ent>r  In  traverse  operations. 

6.  Arrange  In  order  the  nine  primary  steps  taken  when  computing  a  traverse  closure. 

7.  Select  tme  statements  concerning  obsen^ations  or  assumptions  that  can  be  made 
when  calculating  areas  by  means  of  the  DM.0.  method. 

8.  Complete  statements  concerning  rules  to  follow  when  calculating  areas  by  means 
of  the  coonjinate  method. 

9.  Compute  traverse  closure  and  adjustment  by  the  compass  rule.  (Assignment 
Sheet  #1) 
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OBJECTIVE  SHEET 

10.  Compute  traverse  closure  and  adjustment  by  the  transit  rule.  (Assignment  Sheet 
#2) 

11.  Calculate  area  of  a  closed  traverse  by  the  D.M.D.  method.  (Assignment  Sheet  #3) 

12.  Calculate  area  of  a  closed  traverse  by  the  coordinate  rriethod,  (Assignment  Sheet 
#4) 

13.  Demonstrate  the  ability  to: 

a.  f=*erform  a  closed  loop  traverse.  (Job  Sheet  #1) 

b.  Perform  a  closed  connecting  traverse.  (Job  Sheet  #2) 
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TRAVERSING  AND  RELATED  CALCULATIONS 

UNIT  VII 

SUGGESTED  ACTIVITIES 

A.  Obtain  additional  materials  and/or  invite  resource  people  to  class  to  supplennent/rein> 
force  information  provided  in  this  unit  of  instruction. 

(NOTE:  This  activity  should  be  completed  prior  to  the  teaching  of  this  unit.) 

B.  Make  transparency  from  the  transparency  master  included  with  this  unit. 

C.  Provide  students  with  objective  sheet. 

D.  Discuss  unit  and  specific  objectives. 

E.  Provide  students  with  information  and  assignment  sheets. 
F       Discuss  information  and  assignment  sheets. 

(NOTE:  Use  the  transparency  to  enhance  the  information  as  needed.) 

G.  Provide  students  with  job  sheets. 

H.  Discuss  and  demonstrate  the  procedure  outlined  in  the  job  sheets. 

I.  Integrate  the  following  activities  throughout  the  teaching  of  this  unit: 

1.  Invite  a  land  surveyor  into  the  class  to  discuss  the  uses  and  importance  of  travers- 
ing and  accurate  closures. 

2.  Have  students  perform  field  procedures  involved  in  traversing  and  then  establish 
the  accuracy  of  their  work. 

3.  Have  students  calculate  the  area  of  the  traverses  they  are  performing  in  the  field. 

4.  Have  students  research  various  types  of  computer  programs  that  can  be  used  for 
traverse  calculations. 

5.  If  your  school  has  any  programs  that  can  be  run  for  traverse  aomputations,  sched- 
ule the  students  in  groups  of  two  to  work  through  example  problems. 

6.  Meet  individually  with  students  to  evaluate  their  progress  through  this  unit  of 
instruction,  and  indicate  to  them  possible  areas  for  improvement. 

J.      Give  test. 

K.      Evaluate  test. 

L      Reteach  if  necessary. 
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INSTRUCTIONAL  MATERIALS  INCLUDED  IN  THIS  UNIT 

A.  Objective  sheet 

B.  Information  sheet 

C.  Transparency  Master  #1  —  Types  of  Traverses 

D.  Assignment  sheets 

1.  Assignment  Sheet  #1  --  Compute  Traverse  Closure  and  Adjustment     the  Com- 
pass Rule 

2.  Assignment  Sheet  #2  —  Compute  Traverse  Closure  and  Adjustment  by  the  Transit 
Rule 

3.  Assignment  Sheet  #3  —  C  alculate  Areas  of  a  Closed  Traverse  by  the  D.M.D. 
Method 

4.  Assignment  Sheet  #4  ~  Calculate  Area  of  a  Closed  Traverse  by  the  Coordinate 
Method 

E.  Ansvtfers  to  assignment  sheets 

F.  Job  sheets 

1.  Job  Sheet  #1  ~  Perform  a  Closed  Loop  Traverse 

2.  Job  Sheet  #2  —  Perform  a  Closed  Connecting  Traverse 

G.  Test 

H.  Answers  to  test 

REFERENCES  USED  IN  WRITING  THIS  UNIT 

A.  Kavanagh.  Barry  F..  and  S.  J.  Glenn  Bird.  Surveying:  Principles  and  Applications. 
Reston,  Virginia:  Reston  Publishing  Co..  Inc..  1984. 

B.  Drinker,  Russell  and  RR.  Wolf.  Elementary  Surveying,  7th  ed.  New  York:  Harper  &  Row, 
1984. 

C      Wirshing  arid  Wirshing.  introductory  Surveying.  McGraw^-Hill,  1985. 

SUGGESTED  SUPPLEMENTAL  MATERIALS 

A.  Davis,  R.E.,  F.S.  Foote.  and  J.H.  Kelly.  Surveying,  5th  ed.  New  York:  McGraw-Hill,  1976. 

B.  Kissam,  Phillip.  Surveying  for  Civil  Engineers.  New  York:  McGraw-Hill,  1976. 

C.  Kissam.  Phillip.  Sun/eying  Practice,  3rd  ed.  New  York:  McGraw-Hill.  1978. 

D.  Hong.  John  S.  Fundamentals  of  Land  Measurement.  Chicago.  IL:  Chicago  Title  Insur- 
ance Company,  1971. 
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TRAVERSING  AND  RELATED  CALCULATIONS 

UNIT  VII 


INFORMATION  SHEET 


Terms  and  definitfons 

A.  Angular  error  ~  The  amount  ot  error  that  occurs  whon  measuring  angles  of 
a  traverse 

B.  Azimuth  —  The  horizontal  bearing  of  a  line  moasuied  clockwise  from  the 
meridian 

C.  Bearing  —  Tho  horizontal  angle  turned  between  a  datum  direction  such  as 
true  north  and  a  given  line 

D.  Coordinates  —  Numbers  used  to  locate  and  define  the  position  of  a  point 
with  respect  to  two  perpendicular  axes,  the  Y-axis  (notth  south)  and  the  X- 
axis  (east-west) 

E.  Departure  —  The  east-west  rectangular  component  of  a  line 

F.  Error  of  closure  —  The  net  accumulation  of  the  random  errors  assoctateti 
with  the  measurement  of  the  traverse  angles  and  distances 

G.  Instrument  point  —  The  station  over  which  the  survey  instrument  is  set  up, 
usually  where  the  data  for  that  particular  area  is  being  collected 

H.  Latitude  —  The  north-south  rectangular  component  of  a  line 

I.  Meridian  distance  —  The  perpendicular  distance  from  the  center  point  of 
the  line  or  traverse  course  to  the  reference  meridian 

J,      Poiygon  —  A  closed  plane  figure  bound  by  straight  lines 

K.  Ties  ~  Horizontal  measurements  to  a  survey  point  from  existing  objects  or 
offset  poitits,  used  to  reestablish  the  point  if  it  is  destroyed 

L  Traverse  -  A  control  survey  ot  established  lines  with  known  lengths  and 
measured  angles  at  each  point  or  station 

M,  Traverse  point  —  A  point,  usually  set  in  a  convenient  location  to  the  project, 
that  has  a  known  location  horizontally  in  reference  to  the  other  points  of  the 
traverse 

Types  of  traverses  (Transparency  1) 
A.      Open  traverses 

1.  Consist  of  a  series  of  lines  that  are  connected  but  do  not  return  io 
the  point  of  beginning  or  do  not  close  upon  another  point  of  known 
position. 

2.  Are  sometimes  used  on  route  location  but  are  generally  avoided 
because  they  offer  no  means  of  checking  for  errors  and  mistakes. 
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IMFORMATfOM  SHEET 


1,  Pr(.ivHJr  moans     cJivch  U\r  om.  .im  ^n  :        distances  mea- 

2.  lhv*v  art^  two  tvfifn* 

a,       Loop  tra  'rrM?  -  Iho  iuu  r-ti^iu  ir-  tf>t»  r-t.^Jiing  point  forming 
a  closed  pr.>!y<j(>n 

K       ConnoctHKj  travrrst'      1  hr.  uMt-  i tarts  at  a  known  point  of 
po.vitnMi  .nnl  tiPK.h^ci'*  up«'M  ;.^ih^tht\'  rotation  pomt  of  known 

iNOTE:  Ttiit^  tyiH-^  )S  CiHirn^  trr...<iiv  ^^px  c,  imi  mathematically 

HI.      Methods  of  measuring  traverse  angles  or  djrectiun>s 

A.  Compass  bearings  -  Beannns  aro  n^iC  tiiroi  V\-  ofi  a  <A>rnpar»s  an  sights 
are  taken  alonri  the  linos  or  fravc^rsn  cvlti.on 

B.  Interior  angk^t^  -  The  ir^juiU:  angit':^  c^t  ;uu*'^-  r  .  ♦'^■■■vai.^n  are  mea- 
sured using  a  transit  or  ihtxHioiin'  T!^e>  rari  lu^  nii\-,iie^i  eithor  clockwise 
or  countrrci(>ckwi^r.e. 

C.  Deflection  angi('*!r.  —  An.^  cornnioniy  us^hI  j  »;  nn.a(^  j^^jiveys  in  which  the 
angle  is  measured  fight  or  left  Utvw  \hr  back  dufu  tmn  rxtcrKied. 

D.  Ancjios  to  the  right  -  -  Are  ar^gi^.^s  riH^isv-ufV^d  tr^yu  a  ksiqht  on  the  pre- 
vfour*  point  ami  mcnsurc^cJ  clockwise  {U>  ihr  ru;h!)  fhp  next  point  of  the 
traverse. 

fV     Proper  location  of  traverse  station  points 

A.      Po!>ition  oi  traverse  r>tation  varies  with      ryj,  v  t   su^f^y  bi^nc}  performed. 

1.  Property  siirvey^.  -  The  pouits  ^fMM/i(i  i»e  phKoti  at  each  corner  of 
the  property  unless:  the  Mee  of  su^fH  :s  ni:i5,tniCt^Hl  or  the  point  cannot 
hi?  occupied. 

2.  Route  ^urveyt>  -  The  ntatuMis  shcnid  bo  -ei  at  each  angle  point 
where  the  direction  of  the  ruutM  <  tiani^f'i  Atiditujual  points  can  be 
set  due  to  lonq  h\\v^:\  or  taWunj  t^tuftin  that  Wduid  impair  accurate 
n)eaHurefnent!>. 

3.  Topographical  surveys  —  Iht*  \r^ui^tv4-  r-  '^'^tr^  arr-  f.et  at  locations  to 
pfffnnt  the  ociit  coveragf^  (?f  tt?e  a/^^i  te  t  ^  nuippt^.j, 
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B.      Referencing  point^i 

1.  Traverse  stations  am  be  lost  if  not  properly  described  and  preserved. 

2.  Ties  arc  ur;od  to  aid  in  finding  a  survey  point  or  to  relocate  one  that 
has  been  destroyed. 

(NOTE:  Ties  should  be  n?  v  to  all  traverse  points  when  they  are 
established.  Distances  should  be  less  than  10G  feel  whenever  possi- 
ble. See  Figure  1.) 

FIGURE  1 
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Sources  of  error  m  traverse  operations 

A,  Errors  in  meastirement  of  angles  and  distances 

B.  Poor  selectton  of  travor:^e  points  resulting  in  bad  sighting  conditions  due 
to: 

1.  Alternate  sun  and  shadow 

2.  Visibility  of  only  the  top  of  the  rod 

3.  Line  of  sight  passing  too  close  to  the  ground 
4      I  ines  that  are  too  long  or  too  short 

5.  Sighting  into  the  sun 

6.  Sighting  through  timber 


Failing  to  measure  the  angles  an  equal  number  of  times  direct  and  reversed 
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Primary  steps  taken  when  computing  a  traverse  closure 
A.      Draw  a  sketch  of  the  traverse  to  scale. 
1.     Show  point  Of  I  D.  nunibers. 

Indicate  actual  field  fueasured  angles  an<J  distances. 
A  sketch  will  aid  as  a  check  for  any  blunders.  ^Figure  2) 
FIGURE  2  I 

N 


B. 


2. 
3. 


Compute  the  angular  error  as  follows: 

Sum  of  the  angles  of  a  closed  polygon  =  (N-2K180'°) 
Where:  N  =  Number  of  angles 

So  the  number  of  angles  in  this  example  should  equal: 
{5-2Kl80*^  =  540" 

1.     Find  the  sum  of  the  angles  measured; 

A  =  64'»53'v30'' 

C  =  64«21'15'' 
D  =  107'^3'45" 

Sum  =:  540'*02'36'' 

Thus:  540'^2'30''  -  540»  =  02'. 30"  error 

Since  there  are  five  angles,  the  error  should  be  proportioned  equally. 

— Q2.!30"_    =  30  seconds  error  per  angle 
5  angles 

(NOTE:  Normally  up  to  1  minute  of  error  is  allowable  in  beginning 
work  by  students,  so  this  error  is  acceptable.) 
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Aijjust  tin*  annh'h.  Subtriict  30  seconUs  from  each  of  the  ^ngli^^  in 


A 

"  30"  = 

64^*53 '0(5" 

B  - 

-30"  c 

C 

O't'^kM'  15" 

-30"  - 

64*20' 45" 

1(V«'33'4f>-' 

107«'33'1&" 

i 

-30"  = 

96«>38'15'' 

Sunt  = 

540 WOO" 

Chock 


("omptitr  thi  beaniiys.  Starting  with  the  known  bearing  of  DE  = 
S81''42'  1tj"E.  cotnpiite  tilt:  beattnps  by  applying  the  corrected  angles  suc- 
cessivf'ly.  Se(»  Figure  3.  Note  in  Figure  3  the  traverse  leg,  which  has  a  known 
boar  I  ill},  is  ihu  starting  point  for  working  out  the  traverse. 

A 

figure:  3 

96  "38' 
.-81 M2'  If," 


t.4''53'()0" 
'  /y'49'00" 


?8ei^?3'4f5" 

:.'28<j'^23'4;v; 
73*^6'  15" 


/3*':^'1h" 
'  09°f5'3n" 

CD  .  s  oy*'ib'3()"  r 


64 '■20  4S' 
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107^33-15" 

(Bearings  check) 
D,      Compute  latitudes  and  departures  (Table  1) 

1.  Fronr»  a  horizontal  x  axis  and  a  vertical  y  axis  a  line  of  certain  bearing 
lor  azinnuth)  and  of  a  definite  length  will  have:  a  Ay  component  called 
a  latitude  and  a  sx  component  called  a  departurv.  The  latitude  of  a 
line  is  given  by  the  following  equation: 


where 


sy  =  latitude 
L  ^  length  of  line 
»i  =  bearing  of  line 


Ay  ^  L  cos  3 


2.     The  dcpaftuFo  of  a  line  is  given  by  the  following  equation: 

AX     L  sin  ^ 


where 


Ax  -  departure 
L  -  length  of  line 
>i  :=  bearing  of  line 


(NOTE:  For  latitudes,  the  north  (N)  direction  is  positive;  the  south  (S) 
direction  is  negative.  For  departures,  the  east  (E)  direction  is  positive; 
the  west  i)N)  dirwtion  is  negative.  In  the  examples  and  problems 
which  follow,  use  a  calculator  to  compute  the  trigonometric  func- 
tions.  Logarithmic  computations  will  not  t>e  used  here  as  they  are 
more  cumbersome;  computers  and  calculators  are  so  universally 
available  to  all  survey  parties  that  logarithms  are  rarely  used.) 

TABLE  1  —  LATITUDES  AND  DEPARTURES 


Course 

Bearing 

Distancf- 

Latitude 
North{4-)  South(-) 

Etepartum 
East(+)  W 

A  to  B 
B  to  C 
Cto  D 
Dto  £ 
E  to  A 

S79''49'00'^ 
N73''36'15'W 
S09*'15'30"E 
SBr42'15''E 

690.88 
616.05 
677.97 
971.26 
783.32 

4  173.89 
+  756.86 

-122.15 

-699.14 
-140.14 

+  109.08 
+%1.10 
+201.86 



-t  '^.99 
-591.00 

3739.48      +  930.75    -  931.43  +1272.04  -1270.99 

\  /  ^/ 

Difference  -  -0  68        and  -flOS 

Hrror  in  Departure  ~  +  1.0b 


Error  of  ClosufC""^ 
{Total  Error)  ^  125  ft. 


Error  in  Latitude  -  -^0.68 


J 
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Compute  the  error  of  closure  (Table  1) 

1  The  traverse  begins  and  ends  at  the  same  point,  so  the  3um  of  the 
latitudes  and  the  sum  of  the  departures  should  both  be  zero.  By  add- 
ing  the  columns,  the  error  can  be  founH 

Lat  error    Sum  of  aii  latitudes   Dep.  error  =^  Sum  of  all  departures 
2,     The  total  error  of  the  survey  can  be  found  by: 

Total  error  of  closure  =  v  t^t.  Error^  -f"  Dep,  Error^ 

Compute  the  measure  of  accurac>  which  is  the  ratio  of  the  tota!  error  to  the 
total  length  of  the  survey. 

Therefore:  Total  distance  surveyed    total  error  =  accuracy  of  survey 

(NOTE:  The  minimum  accuracy  of  the  usual  traverse  should  be  3rd  order 
work  or  1;30{X).  If  the  ratio  is  lower,  a  blunder  may  exist.) 

Compute  corrections  for  latitudes  and  departures  (Tables  2  and  3) 

(NOTE:  There  are  three  methods  for  adjusting  latitudes  and  departures  to 
ensure  that  the  sums  of  the  latitudes  and  departures  equal  zero:  the  com- 
pass rule,  the  transit  rule,  and  the  least  squares  method.  Each  method  is 
described  below.) 

1.  The  compass  (or  Bowditch)  rule  applies  corrections  in  proportion  to 
the  lengths  of  the  courses.  The  equation  is  as  follows  {correction 
indicates  the  correction  to  a  latitude  or  departure): 

Q 

Correction  =  S 

L 

where       C  -  Total  error  in  sum  of  latitudes  or  departures  with  s/gn 
changed 
L     Total  length  of  survey 
S     Lt^nqth  of  the  particular  coun^e 
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Course 


A  ~-  B 
B  -  C 
C  —  D 
D  —  E 
E  ~  A 


TABLE  2  —  COMPASS  RUUE  CORRECTIONS 

Correction  to  Departures 


Coirection  tc  Latitudes 

0.68 


3739  ^ 

0.68         /2  . 

3739  ""^^^ 

0.68 
3739 

0.68 
3739 

0.68 


0.13 
0.11 

X  678  =  0.12 


3739 


X  971  0.18 
X  783  =  O.M 


-1.05 

3738 

-1.05 

37:^8"' 

-_1.05 

37;ia" 

-1.05 
'3738 
-JL05 
3738 


X  691  ^■ 

-0.19 

X  616  = 

-'0.17 

X  678  = 

-0.19 

X  971  ^ 

-0.27 

X  783  = 

-0.23 

Sum  =  0.68 


Sum  =  -1.05 


(NOTE:  The  compass  rule  is  more  mathematically  correct  than  the 
transit  rule;  howevor,  it  changes  the  latitudes  and  departures  in  such 
a  way  that  both  the  bearings  and  lengths  of  the  courses  are 
changed.) 

2.     The  transit  rule  applies  corrections  in  proportion  to  the  lengths  of  the 
latitudes  and  departures.  The  equation  is  as  follows: 


Correction  -^s 

Where    C  =  Total  error  in  sum  of  latitudes  or  departures  with  sign 
changed 

I  ~  Total  sufTi  of  the  latitudes  or  (jf.^partures  disregarding  the 
sign 

s  =  Length  of  paiticuiar  latitude  or  departure 


Course 
B 


A 

B 
C 
D 
E 


C 
D 
E 
A 


TABLE  3  —  TRANSIT  RULE  CORRECTIONS 

Correction  to  Departures 


Correction  to  Latitudes 


JX68 
1862 
0.6B 
1862 


X  122  =  0.04 
X  174  =  0.06 


^  X  669  =  0.24 


1862 
0.66 

1862 
0.68 

1862 


X  140  =  0.05 
X  757  =  0.29 


X  680  ^  -0.28 

- 1  0^ 

?545     ^  ^ 

2543     ^  '^^ 
^1.05 
2S13 

^(^3-  X  20?  -0.08 


X  961 


-0.04 
-0.41 


Sum  =  0.68 


Sum  =  -1.05 


(NOTE:  The  transit  rule  charjges  latitudes  afid  departures  in  such  a 
way  that  course  lengths  are  sligtuly  changed  but  bearings  remain 
nearly  the  same.) 
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3.  The  least  squares  method  is  based  on  the  theory  of  probabiiity.  it 
simultaneously  adjusts  the  angles  and  distances  to  nnake  the  sum  of 
the  squares  of  the  residuals  a  minimum.  It  is  the  best  method  tor 
adjusting  traverses,  but  has  not  been  used  extensively  due  to  the 
lengthy  computations  required,  until  recently  with  the  rapid  growth 
of  computer  calculations. 

H.      Calculate  adjusted  latitudes  and  departures  (Table  4) 

1.  Using  the  proper  algebraic  signs  add  the  previously  computed  cor- 
rections to  the  corresponding  latitude  or  departure. 

2.  The  final  sum  of  the  latitudes  or  departures  should  equal  zero. 
(Norths  being  positive  and  souths  being  negative)  or  (easts  t)eing 
positive  and  v^ests  being  negative). 


TABtE  4  ~  ADJUSTING  UTITUDES  AND  DEPARTURES 


Unadjusted 

Corrections* 

Adjusted 

Course 

—  „ 

Lat 

Dep 

Lat 

Dep 

Lat 

Dep 

A  -  B 

-122.15 

-679.99 

+  0.13 

-0.19 

-122.02 

-680.18 

B  C 

-  173.89 

-591.00 

+  0.11 

-0.17 

+■174.00 

-591.17 

C  -  D 

-669.14 

4-109.08 

+0.12 

-0.19 

-869.02 

+  108.89 

D  -  E 

-140.14 

+  961.10 

+  0.18 

-0.27 

-139.96 

+  960.83 

E  -  -  A 

+  756.86 

+  201,86 

+  0.14 

-0.23 

+  757.00 

+  201.63 

Sums  - 

-0.68 

+  1.05 

+  D.6B 

-1.05 

0.00 

0.00 

*  Calculated  by  compass  rule. 

I.       Compute  the  cootdinates.  (Table  5) 

1.     Choose  beginning  coordinate  values  so  that  all  points  will  be  p<  si- 
tive. 

Example:     Pt.  D:      N:  10,(X)0.00 

E:  10,CX)0.00 

Therefore:    Pt.  E  will  be  the  most  southerly  point. 

Pt.  C  will  be  the  most  westerly  and  northerly  point. 
Pt.  A  will  be  the  most  easterly  point. 

(NOTE:  Usually  a  traverse  point  (commonly  the  most  southwesterly) 
is  given  coordinates:  N:10,0(X).00  and  E:10,O(X).OO.  This  is  to  ensure 
that  all  points  to  follow  in  the  tmverse  will  have  positive  values.) 
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2. 


Coordinates  are  determined  by  successive  algebraic  addition  of  the 
adjusted  latitudes  and  departures. 

TABLE  5  -  COMPUTING  COORDINATES 


(Adjusted) 

Coordinates 

Latitude 

Deoarture 

North 

East 

Pt.  D 

10000.00 

100(K).00 

to 

- 139,96 

+960.83 

(assunned) 

(assumed) 

Pt.  E 

9860-04 

10960.83 

to 

+  757.00 

+201.63 

Pt.  A 

10617.04 

11162.46 

to 

- 122.02 

-680.18 

Pt.  B 

10495.02 

10482.28 

to 

+  174.00 

-591.17 

Pt.  C 

10669.02 

9891.11 

to 

-669.02 

+  108.89 

R.  D 

1CK)00.00 

10CK)0.O0 

.   _  

.    .„   ^,  ^ 

(checked) 

(checked) 

3.     A  check  can  be  made  by  carrying  computations  around  to  the  start- 
ing point,  which  should  have  the  same  coordinates  as  before. 

Calculating  areas  by  the  D.M.D.  (doubie-meridian-dlstance)  method 

A.  Tfiis  method  utilizes  balanced  latitudes  and  departures  to  directly  calculate 
the  area  within  a  closed  traverse.  By  definition,  the  meridian  distance  of  a 
line  is  the  distance  from  the  midpoint  of  the  Sme  to  some  meridian.  (Figure 
4} 

FIGURE  4 


B'  - 


< 


A' 


O 


(b) 


Meridian  distances  and  areas;  (a)  meridian  is  located  some  distance  from 
straight  line  {AB);  (b)  meridian  is  through  one  end  of  straight  line  (CD). 
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B.  The  method  is  based  on  the  fact  that  the  area  of  a  right  triangle  equals  one- 
half  of  the  product  of  the  two  sides  Since  latitudes  and  departures  are  at 
right  angles  to  each  other,  the  a^ea  bounded  by  the  distance,  the  latitude, 
and  the  departure  is  a  right  triangle.  This  area  can  be  determined  by  taking 
one-half  of  the  product  of  the  latitude  and  the  departure.  Howeven  the  trian- 
gle may  add  to  or  subtract  from  the  total  area  of  the  irregular  figure  depend- 
ing on  its  location. 

C.  To  avoid  determining  a  plus  or  minus  area  for  each  triangle,  a  slight  refine- 
ment is  made.  The  departure  is  added  twice;  first  in  determining  the  DMD  of 
the  course  and  then  when  the  next  course's  DMD  is  determined.  Multiplying 
the  DMD  of  each  course  by  its  latitude  results  in  twice  the  area,  but  the  sign 
of  this  product  illustrates  whether  the  area  adds  to  or  subtracts  from  the 
figure  area.  See  Example  problem. 

Example  problem:   Given:  The  area  shown  in  Figure  5  and  Table  6.  Follow 

a  stop  by  step  procedure  to  find  the  area  of  this  figure 
by  the  DMD  method. 

Solution: 

1  All  the  latitudes  and  departures  are  computed  and  recorded  in  the 
table. 

2.  The  most  westerly  station  (Q  is  selected  as  the  first  point  and  line 
CD  is  selected  as  the  first  course  to  avoid  negative  areas  in  the  DMD. 

3.  The  DMD  of  the  first  course  equais  the  departure  of  the  course  itself, 
108.89, 

4.  The  DMD  of  any  other  course  ^for  example,  DE)  equals  the  DMD  of 
the  preceding  course  (CD),  plus  the  departure  of  the  preceding 
course  (CD),  plus  the  departure  of  the  course  itself  (D£).  Thus 

DMD  of  DE  -  4^108.89  ^  108.B9  ^  960,83  =  4^1178.61 
FIGURE  5 
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TABLE  6  ~  CALCULATING  AREA  BY  DMD 


Course 

Latitude 

Departure 

O.M.D 

Doubled  Areas 

C  -  D 

u  —  C 

E  ~  A 
A  -  B 
B     C  j 

-669.02 

■f  757.00 
-122.02 
+  174.00 

+  108.89 
+960.83 
+201.63 
-680.18 
-591.17 

+  108.89 
+  108.89 
+m83 

+  1178.61 
+960.83 
+201.63 

+2341.07 
+201.63 
-680.18 

■1-1862.52 
-680.18 
-591.17 
+591.17 

-72,850 
- 164,958 
+  1,772,190 
-227,265 
+  102,864 

Doubled  Area  =  +1,409,986 
Area.  sq.  ft.  =  704,993 
-  43,560  sq.  ft.  =    16.18  Acres 

(NOTE:  For  the  next  course,  the  same  procedure  Is  followed.  Thus 

DMD  of  EA  =  DMD  of  preceding  course  +■  departure  of  preceding 
course  +  departure  of  the  course  itself 
=  +1178.61  +  960.83  +  201.63  =  +2341.07 

5.  The  DMD  of  the  last  course  is  numerically  equal  to  its  departure  but 
with  opposite  sign  (+591.17). 

6.  Each  DMD  value  is  multiplied  by  its  latitude,  and  positive  products 
are  entered  under  north  double  areas  and  negative  products  under 
south  double  areas. 

7.  The  sum  of  all  the  south  double  areas  minus  the  sum  of  all  the  north 
double  areas,  disregarding  sign,  equals  twice  the  cross-sectional 
area.  Dividing  by  2  gives  the  true  cross-sectional  area. 

Ail  the  computations  have  been  worked  out  in  the  Table  6  which  accompa- 
nies Figure  5. 

D.      The  preceding  analysis  leads  to  the  following  observations: 

★  1.     The  DMD  of  the  first  course  is  equal  to  ihe  departure  of  the  first 
course. 
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^2.  The  DMD  of  each  succeeding  course  is  equal  to  the  DMD  the  pre 
vious  course  ^  the  departure  of  the  previous  course  -f  the  departure 
of  the  course  itseif. 

The  DMD  of  the  last  course  will  turn  out  to  be  equai  to  the  departure 
of  the  last  course,  but  opposite  in  sign. 

(NOTE:  A  method  called  DPD  (Double  Parallel  Distance]  works  on  the 
same  principle  as  DMD,  but  it  uses  the  latitudes  rather  than  the 
departures.) 

Calculating  areas  by  the  coordinate  method 

A.  Using  the  coordinates  of  each  traverse  point,  areas  can  be  calculated  with 
the  following  equation: 

where   E  =  East  coordinate 
N     jNlorth  coordinate 
a  j=  Traverse  point  "A" 

Doubled  Area:    Ec  (Nd  -  Nb)  ^  Eb  (Nc  ^  Na)  +  Ea  {Nb  ^  Ne)  +  Ee  (Na  ^ 
Nd)  +  Ed  (Ne  -  Nc) 

Example:  989111  (10000.00  ^  10495.02)  10482.28(10669.02  ^  10617,04) 
-f  11,162,48  (10495,02  ^  9860.04)  +  10960.83  (10617.04  ^ 
10000,CK))  ^  10000.00  (9860,04  ^  10669,02)  = 

Doubled  Area:  1,409,98104 

area  sq,  ft;  704.990.62 

-r  43560  sq.  ft.:  16.18  acres 

B.  Differences  in  methods  of  calculating  area  by  DMD's  or  by  coordinates 
could  produce  answers  that  slightly  vary  (See  Table  6) 

C.  The  previous  equation  is  based  on  the  summation  of  trapezoidal  areas. 

D.  Most  computers  have  programs  that  can  be  easily  entered  to  aid  in  elimi- 
nating any  confusion, 

E.  Rules  to  follow  when  calculating  by  coordinate  method 
*1.     Always  start  at  the  most  westerly  point. 

♦2.     Always  work  in  a  clockwise  order 


Always  multiply  the  east  coordinate  by  the  difference  betwr^en  the 
previous  point's  north  coordinate  and  the  next  point's  north  coordi- 
nate. 


Types  of  Traverses 


Loop  Traverse  Connecting  Traverse 

Closed  Traverses 
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TRAVERSING  AND  RELATED  CALCULATIONS 

UNIT  VII 

ASSIGNMENT  SHEET  #1  -  COMPUTE  TRAVERSE  CLOSURE 
AND  ADJUSTMENT  BY  THE  COMPASS  RUtE 


Given:  A  loop  traverse  AL  CDE.  The  coordinates  of  point  A  yre  N10,000.00  £10,000.00  Boannq 
of  line  EA  =  S10't)0'00"W.  Interior  angles  and  distances  are  listed  below. 


Interior  Angles 

A  =  79*10' 30" 
B  =  ISyPO'SO" 
C  =  80*^' 46" 
D  =  88*56' 00" 
E  =  103''53'45" 


Distances 

A-B  =  163.29 

B'C  =  181.79 

C-D  =  245.33 

D-E  =  295.60 

E-A  209.73 


FIGURE  1 


II 


LL 
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296.60 


^SKETCH'' 


163.29 


m 


Compute  the  closure  and  adjust  by  the  compass  rule. 
Solutian 

1.  Compute  the  angular  error. 

2.  Adjust  the  angles. 

3.  Compute  the  bearings.  Start  with  the  known  bearing  fc^  =S1()W00"W.  Compute  the 
bearings  by  applying  corrected  angies  successively. 

4.  Compute  the  latitudes  and  departures. 


ERIC 


356 


ASSIGNIVieNT  SHEET  #1 


5.  Compute  the  error 

Total  error  in  latitude  =  

Total  error  in  departure?  -   . 

Error  of  closure  =   ^  

6.  Compute  the  measure  of  iiccuracy  (the  ratio  of  tho  tcUa!  error  to  the  total  length  of  the 
survey).  Accuracy  ratio  -  

7.  Adjust  the  latitudes  and  departures  using  the  compass  rule. 

8.  Compute  the  adjusted  latitudes  and  departures.  Add  the  corrections  algebraically  to 
the  unadjusted  latitudes  and  departures. 

9.  Compute  the  coordinates.  We  know  the  coordinates  of  point  A  are  N  10,000.00  and 
£10,000.00  from  the  traverse  data.  Notice  that  the  sun/ey  is  correct  since  the  final  com- 
puted  coordinates  of  point  A  are  e>^acfly  the  same  as  the  given  coordinates  of  point  A. 

North  East 

Point  '*A'  10,000.00  10  000.00 

Point  *B'^ 

Point  "C"   _    .  

Point  "*D"       

Point  "E*'   
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TRAVERSING  AND  RELATED  CALCULATIONS 

UNIT  VII 


ASSIGNMENT  SHEET  #2  —  COMPUTE  TRAVERSE  CLOSURE 
AND  ADJUSTMENT  BY  THE  TRANSIT  RULE 


Given:  A  loop  traverse  ABODE.  The  bearing  of  line  CD  -  S31  ''IS'  30"E.  Coordinates  of  point  C 
=  N10,000.00,  E10.000,00.  Interior  angles  and  distances  are  listed  below. 


Compute  the  traverse,  making  corrections  by  the  transit  rule. 
Solution 

Start  by  making  a  sketch  to  scale. 

1.  Connpute  the  angular  error, 

2.  Adjust  the  angles, 

3.  Compute  the  bearings.  Start  with  the  given  bearing  of  CD  -  S31  ^15'30"E^.  and  compute 
the  bearings  by  applying  the  corrected  angles  successively. 

4.  Compute  the  latitudes  and  departures. 

5.  Compute  the  error  of  closure. 

Error  of  closure  -  \  (departure  error)-  ^  (latitude  error) 

6.  Compute  the  accuracy  (ratio  of  the  total  error  to  the  tota!  um)\\\     the  surv^^y). 
Accuracy  

7.  Adjust  the  latitudes  and  departures  using  the  transit  rule. 

8.  Transfer  the  values  obtained  to  the  adjustment  of  survey. 

9.  With  the  corrections  logged,  now  compute  the  coordinates.  Since  you  have  the  coordi- 
nates of  point  C  given  as  N10,000.00,  E 10,000.00.  begin  at  point  C  arul  compute  coordi- 
nates for  each  point. 


Interior  Angles 


Distances 


A  =^  gi^lSMS" 
B  94*^7'30" 
C  =  109^2^00" 
D  :r  102^*26' 15" 
E  =  142^6'00" 


A'B  ^  554.19 

B'C  425.31 

QD  -  426.05 

D^E  345.20 

E  A  :=  322.21 
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ASSIGNMENT  SHEET  #3  ~  CALCULATE  AREA  OF  A  CLOSED 
TRAVERSE  BY  THE  D.M^D  METHOD 

Directions:  Using  the  traverse  information  given  in  Assignment  Sheet  #1  and  your  calculated 
answers,  calculate  the  area  ot  this  traverse  using  the  D.M.D.  method. 

Solution: 

1.  Begin  at  the  most  westerly  traverse  point. 

2.  Follow  the  following  equations: 

a.  The  D.M.D,  of  the  first  course  is  equal  to  the  departure  of  the  first  course. 

b.  The  D.M.D.  of  each  succeeding  course  is  equal  to  the  D.f^.C.  of  the  previous 
course  plus  the  departure  of  the  previous  course  plus  the  departure  of  the  course 
itself. 

c.  The  D.M.D.  of  the  last  course  will  be  equal  to  the  departure  of  the  last  course 
with  the  sign  changed, 

3.  Multiply  the  latitude  by  each  of  its  D.M.D.'s  using  the  correct  algebraic  signs  to  find  the 
doubled  areas  of  each  course. 

4     Add  up  the  doubled  areas  (using  the  signs)  to  find  the  total  doubfea  area. 

5.  Divide  this  answer  by  2.  This  equals  the  total  sq.  ft. 

6,  Divide  the  sq.  ft.  by  43,560  to  obtain  the  acres. 
Doubled  Area  (sq.  ft.):  

Area  in  sq.  ft.:  .„  ,  , .  _ 

Area  in  acres:   ^   
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ASSIGNMENT  SHEET  #4  -  CALCULATE  AREA  OF  A  CLOSED 
TRAVERSE  BY  THE  COORDINATE  METHOD 

Directions:  Using  the  traverse  information  given  in  Assignment  Sheet  #2  and  your  calculated 
coordinates  of  each  point,  calculate  the  enclosed  area  by  using  the  coordinate  method. 

Solution: 

1.  Follow  the  equation  listed  below: 

Doubled  area  =:  Ec  (Nd  -  Nb)  +  Eb  (Nc  -  Na)  +  Ea  (Nb  -  Ne)  +  Ee  (Na  -  Nd)  +  Ed  (Ne 
-  Nc) 

Where:    E  -  East  coordinate 
N  =  North  coordinate 
a  =  Traverse  point  "A" 

2.  Divide  doubled  area  by  2  to  obtain  sq.  ft. 

3.  Divide  area  in  sq.  ft.  by  43,^0  to  obtain  area  in  acres. 
Doubled  area:   

Area  in  sq.  ft.:  

Area  in  arrrs:  


TRAVERSING  AND  RELATED  CALCULATIONS 

UNIT  VII 


ANSWERS  TO  ASSIGNMENT  SHEETS 


Ai^signmonl  Sheet  tt) 

Total  error  in  Ul.  =  +0.09B 
Total  error  in  Dep.  -  +0.429 
frror  of  closure  ~  0.440 
Accuracy  ratio  ~  1:2489.75 


AssignrTient  Sheet  «2 

Total  error  in  Lat.  =  -.265 
Total  error  in  Dep.  =  -  ,303 
Error  of  closure  -  0.402 
Accuracy  ratio  =  1:5.183.40 

Assignment  Sheet  #3 

Double  area  (sq.  ft.):  140414 
Area  in  sq.  ft.:  70207.01 
Area  in  acres:  1.61 

Assignment  Sheet  #4 


Coordinates 
Pt.  A:  N1OODO.00  E10000.00 
Pt.  B:  N  10002.33  E10163.21 
Pt.  C:  N9981.67  El 0343. 75 
Pt.  D:  N10226.68  E10331.53 
Pt.  E:  N10206.56  E10036.50 

Coordinates 
Pt.  A:  N  10,017.07  E  10.724.09 
Pt.  B:  N  10,330.89  E  10.267.18 
Pt.  C:  N  10.000  E  10.000 
Pt.  D:  N  9.635.87  E  10,221.03 
Pt.  E:  N  9.747.44  E  10.547.64 


Doubled  area  (sq.  ft.):  570.B4C.58 
Area  in  sq.  ft,:  285,423.29 
Area  in  acres.  6.55 
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UNIT  VII 

JOB  SHEET  #1  —  PERFORM  A  CLOSED  LOOP  TRAVERSE 

A.      Equipment  and  materials 


• 


1. 

Theodolite  or  tran&it 

2. 

Tripod 

3. 

Chain 

4. 

Chaining  p;ns 

6. 

Ptumb  bob 

6. 

Range  pole 

7. 

4  wooden  slakes  or  nails 

8, 

Hammer 

9. 

Field  book  and  pencil 

10. 

Flagging  material 

B.  Procedure 

1.  Set  up  traverse. 

a.  Locate  an  area  of  land  approximately  5O0  ft.  by  500  ft.  in  size,  preferably 
flat  for  the  first  exercise. 

b.  Walk  the  perimeter  of  the  site  placing  the  stakes  or  nails  in  the  ground  at 
approximate  corners,  taking  care  when  locating  the  traverse  points  to  be 
sure  to  have  clear  vision  to  each  of  the  adjacent  corners, 

c.  Mark  each  corner  with  flagging  so  each  can  be  found  easily 

2.  Make  a  sketch  of  the  traverse  in  the  field  book.  Label  each  point  with  a  letter. 


FIGURE  1 
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3.  Set  up  the  Instrument  over  point  A. 

a.  Level  it  up. 

b.  Zero  up  the  vernier. 

4.  Backsight  Pt.  D  while  the  rod  person  is  holding  a  chaining  pin  over  the  exact 
point.  Once  you  have  t>acksighted  and  are  sure  the  Instrument  vernier  reads 
O'WCX)'',  signal  the  rod  person  you  are  finished. 

5.  Loosen  the  upper  clamp  and  rotate  the  instrument  towards  Pt.  B,  Take  care  not  to 
bump  any  adjustment  or  tangent  screws. 

6.  Foresight  Pi.  B. 

a.  Carefully  sight  Pt.  B  while  the  rod  person  is  holding  the  chaining  pin  over 
the  exact  point. 

b.  Once  the  cross  hairs  are  centered  on  the  pin,  lock  the  upper  motion. 

c.  Signal  the  rod  person  that  the  angle  has  been  turned  and  you  have  com- 
pleted. 

7.  Carefully  read  angle  D-A-B  on  the  vernier  and  record  in  field  book. 

8.  Measure  distance  A-B. 

a.  Prior  to  moving  instrument  to  next  point,  begin  measuring  horizontal  dis- 
tance. 

b.  With  3-person  survey  party,  the  instrument  penson  should  give  alignment 
while  sighting  through  the  telescope  o  ?t.  B  while  the  rod  person  and 
chain  person  tape  the  distance. 

c.  Taping  should  begin  at  Ft.  A  toward  R.  B. 

d.  Upon  reaching  Pt.  B  the  chain  person  should  call  out  distance  or  docu- 
ment, and  then  the  process  is  taped  back  from  B  to  R.  A. 

e.  Both  distances  should  be  recorded  in  the  field  book  upon  reaching  R.  A. 

9.  Pick  up  instrument  and  transport  to  R.  B  where  the  process  is  repeated  again 
consecutively  around  the  entire  traverse. 

10.    Upon  completion  of  the  field  work,  a  traverse  closure  should  be  completed  by  all 
Crew  members  to  determine  the  accuracy  of  the  traverse  performed. 
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JOB  SHEET  #2  ~  PERFORM  A  CLOSED  CONNECTING  TRAVERSE 

Equipment  and  materials 


1. 

Theodolite  or  transit 

2. 

Tripod 

3. 

Chain 

4. 

Chaining  pins 

5. 

Plumb  bob 

6. 

Range  pole 

7. 

4  wooden  stakes  or  nails 

8. 

Hammer 

9. 

Field  book  and  pencil 

10. 

Flagging  material 

Procedure 

1.    Set  up  traverse. 

a.  Locate  a  long  but  narrow  strip  of  land  approximately  1^'  to  2O00'  by  100' 
wide,  preferably  flat  for  the  first  exercise. 

b.  Drive  a  stake  at  a  bepinning  point  (random)  and  secure  flagging  to  It  so  It  is 
visible. 

c.  Walk  toward  the  imaginary  ending  point  approximately  400-500  ft.  away. 
{Deviating  from  a  straight  line  is  suggested  on  this  exercise,  for  it  will 
make  each  deflection  from  pt.  to  pt  easily  visible.) 

d.  Drive  another  stake  at  Pt.  B  and  flag  it. 
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e.      Again  walk  toward  the  ending  point  in  a  zigzag  pattern  approximately  400- 
5(X)  ft.  and  place  another  stake. 

FIGURE  1 

PT.  X- 


^  Beginning  PT.  Imaflfnary  Ending  PT  j 

I 


PT.  -D" 

PT.  "B" 


■  —  ~   ±1500'  -  2000-—  

f.       Continue  until  all  points  have  been  set  and  marked. 

2.  Make  a  sketch  of  this  connecting  traverse,  labeling  each  point  in  the  fieLi  book. 

3.  Set  up  the  instrument  over  Pt,  A. 

a.  Level  it  up. 

b.  Zero  up  the  vernier. 

4.  Backsight  a  reference  mark  (given  by  your  instructor). 

a.  Carefully  sight  the  reference  mark  while  the  rod  person  is  holding  a  chain- 
ing point  on  the  reference  mark. 

b.  Once  you  have  a  clear  sight  and  the  instrument  is  zeroed,  lock  the  lower 
tangent  and  signal  the  rod  person  you  have  completed. 

5.  Turn  the  field  angle  (by  following  either  a.  or  b.  procedure.) 

a.  By  inverting  the  telescope  and  loosening  the  upper  tangent  screw  and 
sighting  Pt.  B,  which  is  referred  to  as  a  deflection  angle  "Right"  or  "Left" 

(or) 

b.  By  simply  loosening  the  upper  tangent  screw  and  turning  clockwise  (right) 
or  counterclockwise  (left)  toward  Pt.  B 

6.  Foresight  Pt.  B. 

a.  Carefully  sigh^  Pt.  B  while  the  rod  person  is  holding  a  chaining  pin  over  the 
point. 

b.  Once  the  cross  hair  is  centered,  lock  the  upper  motion. 

c.  Signal  the  rod  person  that  the  angle  has  been  completed. 


'  '1  •  • 
-111 
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Carefully  read  angle.  Document  either; 

Deflection  Rt. 
Deflection  Lt. 
Angle  Right 
Angle  Left 

Measure  distance  A-B. 

a.  Prior  to  moving  instrument  to  next  point,  begin  measuring  horizontal  dis- 
tance. 

b.  With  5-person  survey  party,  the  nptrument  person  should  give  alignment 
while  sighting  through  the  tele^.».ope  at  R.  B  while  the  rod  person  and 
chain  person  tape  the  distance. 

c.  Taping  should  begin  at  R.  A  toward  R.  B. 

d.  Upon  reaching  R.  B  the  chain  person  should  call  out  distance  or  docu- 
ment, and  then  the  process  is  taped  back  from  B  to  R.  A. 

e.  Both  distances  should  be  recorded  in  the  field  book  upon  reaching  R.  A. 

Pick  up  instrument  and  transport  to  Pt.  B  where  thi  process  is  repeated  again 
consecutively  around  the  entire  traverse. 

Upon  reaching  R.  D  and  carefully  measuring  distance  C-D, 

a.  Consult  your  instructor  for  possible  closure  data. 

b.  Sight  and  read  angle  to  original  reference  point  if  at  all  possible. 

(NOTE:  Connecting  traverses  are  many  times  not  able  to  mathematically  close 
unless  coordinates  of  both  beginning  and  ending  points  are  obtained.) 
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NAME 


TEST 


Match  the  terms  on  the  right  with  the  correct  definitions. 

 a.  The  station  over  which  the  survey  instru- 
ment is  set  up,  usually  where  the  data  for 
that  particular  area  is  being  collected 


.b.  Numbers  used  to  locate  and  define  the  posi- 
tion of  a  point  with  respect  to  two  perpen- 
dicular axes 

_c.      A  closed  plane  fipure  bound  by  straight 
lines 

_d.      The  east-west  rectangular  component  of  a 


 e. 


line 

The  amount  of  error  that  occurs  when  mea- 
suring angles  of  a  traverse 

The  horizontal  angle  turned  between  a 
datum  direction  such  as  true  north  and  a 
given  line 


1.  Angular  error 

2.  Azimuth 

3.  Bearing 

4.  Coordinates 

5.  Departure 

6.  Error  of  closure 

7.  Instrument  point 
8-  Latitude 

9.  Meridian  distance 

10.  Polygon 

11.  Ties 


g.  A  point,  usually  set  in  a  convenient  location 
to  the  project,  that  has  a  known  location 
horizontally  in  reference  to  the  other  points 
of  the  traverse 


 h.      The  horizontal  bearing  of  a  line  measured 

clockwise  from  the  meridian 


 i       The  perpendicular  distance  from  the  center 

point  of  the  line  or  traverse  course  to  the  ref- 
erence  meridian 


 A  control  survey  of  established  lines  with 

known  lengths  and  measured  angles  at 
each  point  or  station 

 k.      The  net  accumulation  of  the  random  errors 

associated  with  the  measurement  of  the  tra^ 
verse  angles  and  distances 


TEST 


 i.       The  nortrvsDuth  rectangular  component  oi  a     12,  Traverse 

line 

13.  Traverse  point 

 m.      Horizontal  measurements  to  a  supk^ey  point 

from  existing  objects  or  offset  points,  used 
to  reestablish  the  point  if  it  is  destroyed 

Identify  the  types  of  traverses  commonly  useci  in  surveying.  Select  your  answers  from 
the  foliowifig  list:  open  traverse,  closed  loop  traverse,  and  closed  connecting  traverse. 


P2 


Ik 


Describe  the  following  tnuthods  of  rneasuritig  traverse  angles  or  directions. 

a.  Compass  bearuigs  —   ^      _ 

b.  interior  angles  _    


TEST 


Deflection  angk\s 


d.      Angles  to  the  right  - 


Select  true  statements  conccrnrng  tho  proper  location  of  trav^  r^^c  station  points  by 
placing  an  ''X"  next  to  the  true  statements. 

 a.      Position  of  traverse  station  varies  with  the  type  of  survey  being  performed. 

 b.      For  property  surveys  the  traverse  btation  points  should  be  placed  at  each 

corner  of  the  property  unless  the  line  of  sigfit  is  obstructed  or  the  point 
cannot  be  occupied. 

 c.      Traverse  stations  can  be  iost  if  no!  properly  cvjscribed  and  presea^ed. 

 ^d.      Bench  marks  are  used  to  aid  in  finding  a  isurvoy  point  or  to  relocate  one 

that  has  been  destroyeci. 

List  three  major  sources  of  error  in  traverse  oprrations. 

a.         

b. 


Arrar^ge  in  order  the  nine  primary  stops  taken  when  comDutinq  a  traverse  closure  by 
placing  the  correct  sequence  numbcfs  (1-9)  in  the?  <^ppfop'  ate  blanks., 

.-..r^a.  Compute  the  error  of  closure 

 .  b.  ('.ornpute  the  coordinates 

  Calculate  adjusted  latitudes  and  dc■pa^tur<■.^ 

.  _  ._d.  Draw  a  sketch  of  the  traverse  to  hcak^ 

  e.  Compute  ttie  measure  of  ^iCLuracy 

 f.  Compute  corrections  ft    ,atitudeti  kiuci  ck^pa: t.^rf'S 

 .  il  Compute  the  tiearings 

 ^...Ji-  CorriDute  the  angular  error 

  i.  Compute  latitudes  and  defi.-irttf^'n 
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List  ihe  throe  observations  or  assumptions  that  can  be  made  when  calculating  areas  by 
means  of  the  D.M.D.  method. 


a. 


b. 


c. 


8.  Complete  statements  concerning  rules  to  toliow  when  calculating  areas  by  means  of 
the  coordinate  method  by  circling  the  correct  words. 

a.  Always  start  at  the  most  (easteriy,  westerly)  point. 

b.  Always  work  in  a  (clockwise  counterclockwise)  order. 

c.  Always  multiply  the  (east,  west)  coordinate  by  the  difference  between  the  pre- 
vious point's  north  coordinate  and  the  next  point's  north  t-oordinate. 

(NOTE:  If  the  following  activities  have  not  been  accomplished  prior  to  the  test,  ask  your 
instructor  when  they  should  be  completed.) 

9.  Compute  traverse  closuro  and  adjustment  by  the  compai-.s  rule.  (Assignment  Sheet  #1) 

10.  Compute  traverse  closure  and  c'djustmcnt  by  the  transit  rule.  (Assignment  Sheet  #2) 

11.  Calculate  area  of  a  closed  traverse  by  the  D.M.D.  method,  (Assignment  Sheet  #3) 

12.  Calculate  area  of  a  closed  traverse  t)y  the  coordinate  method,  (Assignment  Sheet  #4) 

13.  Demonstrate  the  ability  to: 

a.  Perform  a  closed  -oop  traverse.  (Job  Shoe!  #1) 

b.  Perform  a  closed  connecting  traverse.  (Job  Shoot  #2) 
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ANSWERS  TO  TEST 


a. 

7 

h. 

2 

b. 

4 

i. 

9 

c. 

10 

)■ 

12 

d. 

5 

k. 

6 

e. 

1 

1. 

8 

f. 

3 

m. 

11 

g- 

13 

a. 

Closed  loop 

b. 

Closed  connecting 

c. 

Open 

Descriptions  should  include: 

a.  Compass  bearings  ~  Bearings  are  read  directly  on  a  compass  as  sights  are 
taken  along  the  lines  or  traverse  courses. 

b.  Interior  angles  —  The  inside  angles  of  the  traverse  or  polygon  are  measured 
using  a  transit  or  thecKiolite.  They  can  he  measured  either  clockwise  or  counter- 
clockwise- 

c.  Deflection  angles  —  Are  commonly  used  on  route  surveys  in  which  the  angle  is 
measured  right  or  left  from  the  back  direction  extended. 

d.  Angles  to  the  right  ~  Arc  angles  measured  from  a  backsight  on  the  previous 
point  and  measured  clockwise  (to  the  right)  to  the  next  point  of  the  traverse. 

a,  b,  c 

a.  Errors  in  measurement  of  angles  and  distances 

b.  Poor  selection  of  traverse  points  resulting  in  bad  sighting  conditions  due  to; 

1)  Alternate  sun  and  shadow 

2)  Visibility  of  only  the  top  of  the  rod 

3)  Line  of  sight  passing  too  close  to  the  ground 

4)  Lines  that  are  too  long  or  too  short 

5)  Sighting  into  the  sun 

6)  Sighting  through  timber 

c.  Failing  to  measure  the  angles  an  equal  number  of  times  direct  and  reversed 

a,  5  f.  7 

b,  9  3 
c       8  h.  2 

d.  1  i.  4 

e.  6 

a.  The  DMD  of  the  first  course  is  equal  to  the  departure  of  the  first  course. 

b.  The  DMD  of  each  succeeding  course  is  equal  to  the  DMD  of  the  previous  course 
•f  the  departure  of  the  previous  course  -f  the  departure  of  the  course  itself. 

c.  The  DMD  of  the  last  course  will  turn  out  to  be  equal  to  the  departure  of  the  last 
course,  but  opposite  in  sign. 
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ANSWERS  TO  TEST 

a.     a.  Westerly 

b.  Clockwise 

c.  East 

9.-12.     Evaluated  to  the  satisfaction  of  the  instructor. 
13.     Performance  skills  evaluated  to  the  satisfaction  of  the  instructor. 
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TOPOGRAPHIC  SURVEYING 
UNIT  VIII 


UNIT  OBJECTIVE 

After  completion  of  this  unit,  the  student  should  be  able  to  identify  the  methods  used  to  locate 
topographic  details,  construct  a  contour  drawing  from  a  grid  layout  of  elevation  spot  shots, 
and  perform  various  types  of  topographic  surveys.  Competencies  will  be  demonstrate  by  cor- 
rectly performing  the  procedures  outlined  in  the  assignment  and  job  sheets  and  by  scoring  85 
percent  on  the  unit  test. 

SPECIFIC  OBJECTIVES 

After  completion  of  this  unit,  the  student  should  be  able  to: 

1.  Match  terms  related  to  topographic  surveying  with  the  correct  definitions. 

2.  List  purposes  of  topographic  surveys. 

3.  Distinguish  between  the  two  classifications  of  topographic  surveys. 

4.  Identity  the  methods  of  locating  topographic  details. 

5.  Distinguish  between  the  three  methods  of  topographic  surveying. 

6.  Complete  statements  concerning  stadia  principles. 

7.  Select  characteristics  of  contours. 

8.  Distinguish  between  the  methods  of  locating  contours. 

9.  List  techniques  for  keepinq  good  topographic  field  notes. 

10.  Construct  an  accurate  contour  drav^ing.  (Assignment  Sheet  #1) 

11.  Layout  and  plot  contours  from  radial  survey  notes.  (Assignment  Sheet  #2) 


OBJECTIVE  SHEET 

Demonstrate  the  ability  to: 

a.  Perform  a  radial  topo  survey.  (Job  Sheet  #1) 

b.  Perform  a  right-angle  offset  survey.  {Job  Sheet  #2) 


TOPOGRAPHIC  SURVEYING 

UNIT  vin 

SUGGESTED  ACTIVITIES 

A       OblBin  addtlional  materials  and/or  invite  resource  peopie  to  cla^s  to  supptefncf^t  rmn- 
force  information  provided  in  this  unit  of  instruction. 

(NOTE:  This  activilv  should  be  completed  prior  to  the  teaching  of  this  uniU 
B-      Make  transparencies  from  the  transparency  masters  included  with  this  unit. 
C       Provide  students  with  objective  sheet. 
D       Discuss  unit  and  specific  objectives 
L:.      Provide  students  with  information  and  assignment  sheets. 
F       Discuss  Information  and  assignment  sheets. 

(NOTt:  Use  the  transparencies  to  enhance  the  information  as  needed.) 

G.  Provide  students  with  job  sheets. 

H.  Discuss  and  demonstrate  the  procedures  outlined  in  the  job  sheets. 
L       Integrate  the  following  activities  throughout  the  teaching  of  this  unit: 

1      Have  students  re-establish  existing  points  from  other  traverses  that  havc^  t)een 
completed  and  perform  topographical  surveys  of  that  area. 

2.  Have  students  plot  up  other  small  topographic  surveys  from  field  notes  on  dra^tui^i 
vellum  in  addition  to  Assignment  Sheet  #2. 

3.  Demonstrate  the  use  of  a  stadia  protractor  in  plotting  up  topographic  featun^s. 

4.  Discuss  various  types  of  topo  symbolization  used  in  field  note  kecn'^Huj. 

5.  Have  students  perform  a  grid  topo  survey. 

6.  Meet  individually  with  students  to  evaluate  their  progress  through  tf  v  utnt  o\ 
instruction,  ana  indicate  to  them  pcssiDle  areas  tor  improvement 

J.      Give  test. 

K       Evaluate  test. 

L.       Fleteach  if  nec(\^>*:afv 

0  r 
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INSTRUCTIONAL  MATERIALS  INCLUDED  IN  THIS  UNIT 


A.  Objective  sheet 

B.  Information  stieet 

O.      Transparency  masters 

1.  TM  1  —  Contour  Line  Configurations 

2.  TM  2  -  Standard  Offset  Topo  Notes 

3.  TM  3  -  Stadia  Topo  Notes 

D.  Assignment  sfieets 

1.  Assignment  Sheet  #1  —  Construct  an  Accurate  Contour  Drawing 

2.  Assignm-^nt  Sheet  #2  —  Layout  and  Plot  Contours  from  Radial  Survey  Notes 

E.  Answers  to  assignment  sheets 

F.  Job  sheets 

1.     Job  Sheet  #1  —  Perform  a  Radial  Topo  Survey 

2     Job  Sheet  #2  —  Perform  a  Right-Angle  Offset  Survey 

G.  Test 

H.  Answers  to  test 

REFERENCES  USED  IN  WRITING  THIS  UNIT 

A.      Kavanagh.  Barry  and  S.  J.  Glenn  Bird.  Surveying:  Principles  and  Applications.  Reston, 
VA;  Reston  Publishing  Co..  Inc.,  1984. 

8.      Brinker.  B.C.,  and  P.R.  Wolf.  Elementary  Surveying,  7th  ed.  New  York,  NY:  Harper  and 
Row.  1984. 

C.  Kissam.  Phillip.  Surveying  Practice,  3rd  ed.  New  York,  NY:  McGraw  Hill  Pcok  Company. 
1978. 

SUPPLEMENTARY  TEXTBOOKS 

A.      Davis,  R.E..  F.S.  Fcoto,  and  J.H.  Kelly.  Surveying,  5th  eU.  New  York.  NY:  McGraw  Hill 
Book  Company.  1966 

B       Kissai  >.  Phillip.  Sun/eying  for  Civil  Engineers.  New  York.  NY:  McGraw  Hill  Book  Com- 
pany, 1;*76. 

C.      Breed,  Hosmer  (Fang.  Barry).  Pnnciples  and  Practices  of  Elementary  Surveying.  11th  -Ki. 
New  York.  NY:  Wiley,  1977. 
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TOPOGRAPHIC  SURVEYING 
UNIT  VIII 

INFORMATION  SHEET 

I     Terms  and  definitions 

A.  Contour  —  A  line  that  connects  points  of  the  same  or  equal  elevation 

B.  Cultural  features  ™  Artificial  features  that  are  products  of  people  such  as 
roads,  trails,  buildings,  bridges,  canals,  etc. 

C.  Interpolation  —  Estimating  the  position  of  a  point  betA^een  two  known 
points;  commonly  used  when  plotting  contour  lines 

D.  Relief  —  The  difference  in  elevation  or  inequality  of  a  land  surface;  the  type 
of  terrain  on  a  given  parcel  of  land 

E  Stadia  ~  A  method  of  determining  approximate  horizontal  distances  (±1 
foot  in  300  feet)  by  the  use  of  two  additional  cross  hairs  in  most  transits  and 
levels,  one  above  and  one  below  the  center  hair;  a  form  of  tacheometry 

R  Tacheometry  ~  A  method  of  making  a  horizontal  distance  measurement  by 
the  use  of  a  fixed  angle  intercept 

Topography  —  The  configuration  of  a  surface  including  its  relief  and  the 
position  of  its  natural  and  manmade  features 

II     Purposes  of  topc^raphtc  surveying 

A.  To  determine  the  location  of  all  natural  and  cultural  features  on  the  site. 

B.  To  determine  the  configuration  (reiief)  of  the  earth's  surface. 

C.  To  determine  the  most  desirable  and  economical  location  of  highways,  rail- 
ways, canals,  pipelines,  buildings,  and  many  other  facilities, 

ill.     Classifications  of  tofK^raphic  surveys 

A.      Aerial  (photogrammetric)  surveys 

1,  Involve  the  use  of  actual  photographs  taken  from  airplanes,  heiicop- 
ters  and  satellites  (photogrammeiry). 

2.  Photographs  are  used  to  determine  topographic  features  including 
ground  elevations,  vegetation,  terrain,  etc. 

{NOTE:  Refinement  of  equipment  and  improved  procedures  have 
made  photoyrammetry  accurate  and  economicai.) 
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B       Ground  surveys 

1.  Hivolve  the  actuaf  survey  crew  porf arming  on-site  control  surveys  to 
obtain  ai!  topographic  features  including  elevation,  terrain,  property 
lines,  vegetation,  etc. 


Methods  of  locating  topographic  d^tatis 

(NOTt:  Most  methods  are  based  on  horizontal  control  of  at  least  one  line,  referred 
to  3s  baselmo  AB.) 


A.      Two  distances  —  Intcrsectififl  method 


n 

c. 


U^f7d  frequently  for  smaller  areas  to  be  mapped. 


Even  on  large  projects  where  aerial  methods  are  to  be  employed, 
groufuj  surveys  are  still  performed  to  establish  horizontal  and  verti- 
cal control. 


B. 


fvvo  t?nqU;s  —  intersecting  method 


A 


Ono  angle  and  the  adjacent  distance  -  Polar  method 


One  angle  and  the  opposite  distance  — 


Polar  method 
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E. 


One  distance  and  a  right-angle  offt>rt  -  Hcotangi-iar  nu'thod 
p 


A 


B 


C 


F.       Intersection  of  lines  from  straddle  point?        iMlersertinp  method 


Methods  of  topographic  surveying 

A.      Radial  sur\'eys  (Figure  1) 

INOTE:  Normaiiy  a  traverse  has  been  estabHHh?;d  and  closure  and  adjijr;t- 
ments  have  been  performed  prior  to  this.) 

1.  A  traverse  point  is  occupied  with  a  transit  or  theodciito. 

2.  The  instrument  is  oriented  to  ;j  backsigfited  point  en  the  traverse  and 
the  circle  is  zeroed. 


G. 


Two  angles  at  the  pc  nt  to  be  located  —  Rcsectinq  mettioci 
p 


-.1  v.- 


384 
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3.     Cach  topographic  feature,  e.g.  tree,  bush,  building  corner,  etc.  Is 
observed  and  an  ai.jle  and  distance  to  that  point  is  recorded. 


FIGURE  1 
Traverse-  Pt.  "E" 


C<  =  Angle  Measured 

-      -  -  =  Distance 
Measured 


— —  Traverse  R.  "B"- 


{Point  Being  Occupied) 
Traverse  Pt.  "A'* 


After  all  items  have  been  sighted  and  recorded  from  that  instrument 
setup,  the  instrument  can  be  relocated  on  the  next  traverse  point  and 
the  procedure  repeated. 
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Right-angle  offset  surveys  (Figure  2) 
1.     A  baseline  is  set  up  with  stations  laid  out  (usuaily  every  100  ft,) 
FIGURE  2 


2  +  10 
?  +  01 


1  *■  75 

1  +  62 
31.0 


?n  C  i  SHED 


31  D 


'  44.3 


37.1 
41.6' 


34.0 


1  +  46 
1  +  26 


46.1 
0  -f  B7 


90" 

t  I 

0  +  00 


0  y  25 


FENCE 


ASH  ST. 


Right  angles  are  established  at  each  of  the  objects  that  are  to  be 
located,  either  by  estimating  or  by  the  use  of  a  double-pentagon 
prism.  (Figure  3) 
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made,  and  a  ho^.•o^l^'ii  tir.-tatw.^  nh\^s{\^o^■  trum  this:;  point  to  the 
4.     Thts  procrdufc  t.urrp-s  p*'t:'A:-;-.ra-^r.  ai<  ^u  ttu:  ;;tatione;l  baseline 

C.       Grid  layout  siirvpys  jriuurr  4) 

1.     A  qricl-liKf:  sviUcni     pr  int-  jirr  oul     ross  th»^  ovoral!  area  to  be 
^;urveycd. 

2      l.inet^  ami  points  a^^^  }Ov*r^^t).>(t  m  usimc  i»utcfs  aml/or  numbers. 
FiGDHL  4 


A  B  (  I  F 
1    ®-  <,}      ■   • 


ERLC 


INFORMATION  SHEET 


3.     Measurements  are  made  from  grid  points  to  each  of  the  features  that 
must  be  located.  (Figure  b) 

FIGURE  5 


>  Grid  Points 

Measured 
Distances 


A  B  C  D 

V^.     Stadia  principles 

A.  Is  a  form  of  tacheometry  that  relies  on  a  fixed  angle  intercept  for  measuring 
distances. 

B.  Is  commonly  used  ?n  topographic  surveys  where  a  limited  accuracy  of  1/400 
is  acceptable. 

C.  Involves  a  transit,  theodolite,  or  sometimes  a  ieve!  that  is  equipped  with  a 
crosS'hair  reticle  that  has  stadia  hairs,  (Figure 

FIGURE  6 


Cross  Hair  Reticle 

1 ,  Most  Stadia  hairs  are  positioned  in  the  reticin  so  that  if  a  level  rod 
were  held  at  100  feet  from  the  instrument,  the  rod  readings  at  the 
upper  stadia  hair  and  lower  stadia  hair  would  differ  by  100  foot, 

(NOTE:  Some  manufacturers  make  instruments  with  different  stadia 
ratios  such  as  1  foot  =  200  feet.  Verify  the  ratio  before  using*) 
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2.  It  can  be  seen  in  Figure  7  that  the  distancu  can  t^asily  deterfv  ned 
by  sighting  the  rod  with  the  telescope  level  and  deter  naming  the  rod 
interval 

3  The  rod  Interval  is  then  multiplied  by  100  tu  get  the  riorirontal  dis- 
tance. 

D  ^  100S 

FIGURE  / 


Ground  eH    tions  can  also  be  et^lablished  by  stadia  riiethods,  Det^ 
mine  the  height  of  the  instrument  by  measuring  the  distance  above 
the  point  occupied  and  then  read  the  center  rod  reading  in  the  cross- 
hair reticle  at  the  point  the  rod  is  being  held.  (Fiqure  8) 


FIGURE  8 


HI 

4  i  lev  A  jm^rr^-^-'^r-'^^^'-' 


Station  A 


Stadia  mRthods  are  also  suitable  for  inchned  measurements  required  in 
rolling  topography 

1.     The  computations  art;  modified  to  account  for  the  f.»ftect^  of  a  slor-ed 
sighting. 
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The  distance  from  the  instrument  to  the  rod  must  be  reduced  from 
slope  to  horizontal. 

The  iod  interval  must  be  reuuoed  (clue  to  a  sloped  sighting  on  the  rod) 
to  what  it  would  have  been  if  the  sighting  was  perpendicular  to  the 
rod. 

1  he  accurate  hon^ontai  distance  can  be  computed  by  the  following 

relationships: 

Where      s  is  the  fod  interval  when  the  line  of  sight  is  horizontal 
S'  is  the  rod  interval  whe  i  the  line  of  sight  is  inclined. 

The  following  equations  apply:  (Figure  9) 

D  100S 
S  =  S'  cos  0 
D  =  100  S'  cos  ^ 
H  =  D  cos  t 
H     100S^  cos'O 

V  ;^  D  sin  0 

D     100  S'  cos^ 

V  100  S'  cos    sin  0 
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5.     An  actual  vertical  position  of  a  point  can  be  determined  by  using  the 
following  relationship:  {Figure  10) 

Elevation  station  K  |A)  +  HI  ±  V  -  RR  :=  Elevation  of  Point  M 

(NOTE:  The  rod  reading  can  be  eliminated  from  the  equation  if  the 
center  hair  is  positioned  at  the  same  height  as  the  instrument  height, 
therefore  canceHing  the  HI  and  RR  out.) 

Cievation  station  K  (A)  ±  V  ^  Elevation  of  Point  M 
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HGURfc  10 


Point  M 


E level K»n  Slalion  K  {  '^O  +  H.I  *  V  ^  R  R       .     \ion  of  Point  M  (Rod) 


Contour  characteristics  (Tmnsparency  1) 

<NOTE:  A  contour  is  a  line  connecting  points  of  equal  elevation.  Contours  can  be 
visible,  as  in  a  lake  shoreline,  but  usually  on  the  ground,  elevations  of  only  a  few 
points  are  located  and  contours  are  sketched  in  between  these  points.) 

A.  Contour  lines  must  close  upon  themselves,  but  this  may  occur  outside  of 
the  surveyed  area, 

B.  Contours  are  perpendicular  to  the  direction  of  maximum  slope, 

C.  The  slope  between  contour  lines  is  assumed  to  be  uniform. 

D.  The  distance  between  contours  indicates  the  steepness  of  a  slope. 

E.  Concentric  closed  contours  that  mcrease  in  elevation  represent  hills. 
Hachure  n^arks  may  be  placed  on  the  outside  of  each  contour  line  to  repre- 
sent hills, 

F.  A  contour  closed  around  lower  ground  is  called  a  depression  contour. 
Hachure  marks  are  placed  on  the  inside  of  depression  contours, 

G.  Contours  of  different  elevation  never  meet  except  on  a  vertical  surface  such 
as  a  wall,  ciiff,  or  natural  bridge, 

H-  Contours  nevfcr  cross  each  other  except  when  a  cave  or  overhanging  shelf 
is  encountered. 

1.       A  contour  cannot  branch  or  s^rye  into  two  contours  o!  the  same  elevation, 

J,  Controlling  features  that  aid  in  contour  location  are  usually  drainage  lines, 
swaies  or  high  ridges. 
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VIII     Wlethods  of  locating  contours 

A.  Dirrrt  mothud  "    Locatinc}  <:acH  roi^uuf  dpsirini  ,vvJ  ihpn  frrofilmci  its 

1  Thn  contour  eievatiun     rajt^trru  ten  Uv^]i  thr  h'^^qht  u?  mstfumont  tu 
dctermifir  iUc  Uesireri  foU  fcaciinq 

2.  The  rod  per!;on  s^elecf*^  (by  tna!  and  rr\or}  poirnr^  oi\  ttie  ground  rha! 
indicate  that  rod  reading. 

3.  The  horizonti)!  afigic  and  (.  stance  to  tfiat  point  ih  then  recorded  to 
iocato  that  rod  icadinq. 

B.  Indirect  method  —  Locatinp  all  critical  pi^rils  o1  oinvalion  >such  as  hk]h  anci 
low  points  and  any  change  in  siope. 

1.  Elevations  arc  eBtabiij>hcd  at  all  cntica!  elevation  points. 

2.  The  rod  person  selects  ai!  chaficies  in  i^lopt}.  high  points,  eto.  and 
determines  that  elevation  and  hi/tirontat  locatsof^. 

3.  Contours  are  then  interpoiatod  between  each  ustabi?shed  elevation 
point. 

C.  Grid  method  —  A  grid  systeni  ls  laid  uut  (r^ve^y  50*  ;^r  100')  and  elevations 
are  estab!i$heci  at  each  prid  point. 

1.     Rariiai  qtid  method 

a.  Ali  hori?:ontal  anakM;  are  rrr^ifdfHi  tor  {-arh  shot 

b.  Ali  rod  readiness  aro  r^>conU::i\  tor  eacti  nhof. 

c.  tacti  hon/ontal  distancc;^  is  nH^a^qired  trv  tapino  or  by  rendinq 
stadia  hairs. 

d       rJevatii>ns  are  deter fninod  .it  i'iv:.u  po?rd 

e.       Contnur!^  are  interjK^iatrci 

2  Recteinpular  qricj  rnfthnci 

a  A  square  cjrid  iii  laiii  (vj{  arjtl  ntarkf^d 

b.  Ali  fod  readincis  are  recorded  ai  <'ai;h  r^rul  potul 

u.  Fievutions  are  detrnrjined  ai  f^ach  qnu  \)i>\r\^ 

d.  Con'^'urs  ate  intr?rpo(ated  trcim  eact?  prid  elevanon. 

^NOI H;  H  IS  asii»irT!ed  tha!  th^^  siopr     r(/nf";tAnt  ^rom  f  \Kh  grid 
point  to  ttie  next ) 
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Topographic  field  note  keeping  techniques  ^Tr;Hisp<upn(:ips  2  ami  3) 
A.      Kvvp  f)ot»»^  npal  U>C|ibie, 

C  Cl^'^rly  Kit^o!  thc>  roSumns. 

0.  Ivpo  ^houki  be  takrn  in  ordrr  or  in  spciin^nce  when  possibie. 

r.  Description  of  topo  items  should  be  clear. 

F  f^)itits  shoiiiii  be  numbered  lor  easy  reference  to  sketches. 

G  SKt.'trhr<%  shuuM  l)e  neat  and  done  with  a  straight  edge. 
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TOPOGRAPHIC  SURVEYING 
UNIT  VM! 


ASSIGNMENT  SHEET  #1  -  CONSTRUCT  AN  ACCURATE 

CONTOUR  DRAWING 


Directions:  Accurately  plot  eact^  2  foot  contour  line  starting  with  elevation  100.00  in  the  lower 
right-hand  corner  of  the  grid  area.  Label  each  contour  and  neatly  draw  each  contour  line  after 
the  position  has  been  interpolated. 

Example: 


(NOTE:  Study  this  example  noting  that  each  grid  square  is  broken  into  a  certain  number  of 
divisions  that  coincide  with  the  number  of  feet  difference  in  elevation.) 
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Problem:  Interpolate  every  (eveni  Uv:  './:\  ':itofval.  Plot  and  i^ketrli  in  each  contour  lino.  Latol 
each  contour  with  its  elevation 
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TOPOGRAPHIC  SURVEYING 
UNIT  VIII 


ASSIGNMENT  SHEET  #2  ~  LAYOUT  AND  PLOT  CONTOURS 
FROM  RADIAL  SURVEY  NOTES 


Directions:  Accurately  layout  the  site  topography  from  the  field  notes  on  the  following  page  on 
a  24''  X  36"  sheet  of  drafting  vellurn.  Assume  a  scale  of  1  =  100'  unless  otherwise  instructed 
by  your  teacher 

Upon  completion  of  layout  of  existing  topography,  pencil  In  each  ground  elevation  in  its  proper 
location  on  the  drawing  according  to  the  field  notes.  Proportionally  layout  each  "even'*  two 
foot  contour  line  on  your  drawing  in  light  pencil,  (Example:  158,  160,  162,  etc.)  Use  all  of  the 
standard  characteristics  for  contours  discussed  in  Objective  VM  of  the  Information  Sheet, 
Once  each  contour  line  has  been  located,  darken  in  all  lines  with  smooth,  dashed  lines  label- 
Ing  each  contour  with  the  proper  elevation. 
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TOPOGRAPHIC  SURVEYING 
UNIT  VHI 


ANSWERS  TO  ASSIGNMENT  SHEETS 


Assignment  Sheet  #1 


\"   \ "r-  ^ 


Assignment  Sheet  #2  —  Evaluated  to  the  uatisfaction  of  thr  instructor 
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TOPOGRAPHIC  SURVEYING 
UNIT  VIII 

JOB  SHEET  #1  —  PERFORM  A  RADIAL  TOPO  SURVEY 

Tools  and  equipment 

1 .  Transit  or  theodolite 

2,  Tripod 
3-  Chain 

4,  Chaining  pins  and  ring 

5,  Level  rod 

6,  Field  book  and  pencil 
Procedure 

1,     The  instructor  shall  set  up  a  square  t>oundary  for  the  survey  crew  to  serve  as  a 
project  Hmit.  (Figure  1) 


FIGURE  1 


Approx,  400' 


O 

< 


Project  Limit 


The  sun/ey  crew  should  set  the  instrument  up  in  the  approximate  center  or  at  any 
point  that  makes  sighting  most  areas  of  the  project  advantageous. 

After  leveling  the  theodolite  and  zeroing  the  vernier,  the  instalment  person 
should  sight  a  backsight  point  (one  of  the  toundary  corners)  and  turn  an  angle  to 
another  lx)undary  cornet  (Figure  2) 
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JOB  SHEET  #1 


FIGURE  2 


Anflle 


B 


4.     Upon  reading  this  angle  and  recording  it  in  the  field  book,  the  distance  to  the 
backsight  and  foresight  should  be  measured  and  recorded. 


(NOTE:  This  operation  has  located  the  Instrument  station  in  respect  to  the 
boundary.) 

5.  After  this  is  documented,  the  Instrument  j^rson  should  rezero  the  theodolite  at 
Pt.  "B"  and  lock  the  lower  tangent. 

6.  The  rod  i^rson  can  then  begin  a  random  series  of  ground  shots  preferably  In 
increasing  angular  sequences  while  the  instrument  person  is  recording: 

a      Horizontal  angle 

b.  Horizontal  distance  (either  taped  or  by  recording  top  and  bottom  stadia 
hairs) 

c.  Description  of  point  (ground  shot,  building,  corner,  tree,  etc.) 

d.  And  center  hair  rod  reading  (trying  to  keep  the  instrument  level  at  all  times 
If  possible) 

6.     Continue  this  pattern  In  a  ciTCkwisc  motion,  locating  ail  Items  within  the  bound- 
ary. (Figure  3) 

a.  Trees 

b.  Buildings 

c.  Sidewalks  ,^ . 
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JOB  SHEET  #1 


d.  Any  changes  in  grade 

e.  Other 
FIGURE  3 
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D 


Sidewalk 


'  .  •  Building  yfy/^ 


B.  After  completing  3K)*  and  resighting  R.  B  to  verify  that  the  instrument  was  not 
bumped  off  of  the  original  backslghted  COD'OO*  make  one  more  otjservatlon  of 
the  site,  checking  that  nothing  was  missed  when  collecting  the  field  Information. 

{NOTE:  If  certain  items  can  not  be  sighted  from  this  point,  the  instrument  may  be 
relocated  in  a  different  area  of  the  boundary  and  the  process  repeated.) 

9.  Either  prior  to  starting  at  each  instrument  set  up  or  t^fore  moving  the  Instal- 
ment, a  bench  mark  should  be  sighted  with  the  telescope  level  and  the  center 
hair  reading  documented. 

10.  Upon  completion  of  the  sun^ey,  the  party  chief  should  obtain  bench  mark  eleva- 
tion, calculate  height  of  instrument,  and  reduce  all  rod  shots  or  minus  shots  to 
each  random  point. 
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TOPOGRAPHIC  SURVEYING 
UNIT  Vill 


JOB  SHEET  #2  -  PERFORM  A  RIGHT-ANGLE  OFFSET  SURVEY 

A.      Tools  and  equipment 


1. 

Transit  or  theodolite 

2. 

Tripod 

a 

Chain 

4. 

Chaining  pins  and  ring 

5. 

Nails  or  wood  hubs 

6. 

Hammer 

7. 

Cloth  tape 

8. 

Double  pentagon  prism 

9, 

Field  book  and  pencil 

B.  Procedure 

1.     Set  up  transit  over  Point  "A". 

a.  Level  instrument. 

b.  Sight  R.  "B".  (Figure  1) 
FIGURE  1 

Pt.  "A"  Pt.  "B 


2.     Begin  measuring  1(X)  feet  inter  /als  and  placing  nails  or  wood  hubs  on  line.  (Fig- 
ure 2) 

a.  Instrument  person  should  use  hand  signals  to  give  line. 

b.  Rear  tap3  person  holds  zero  at  Pi.  "A". 

c.  Head  tape  person  holds  100  foot  mark  and  locates  a  pt.  (Sta.  1 +W)  on  line. 
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d.  Each  point  set  should  be  flagged  for  easy  reference. 
FIGURE  2 


R.  "A" 


1+00 

-HI  


2+00 


3+00 


4+00 


Pt.  "B' 


After  baseline  has  been  established  and  stationed  every  1(X)  ft.,  offset  topo  can 
begin. 

a.  Lay  tape  out  from  Sta.  0+00  (Pt.  "A")  to  Sta.  1  +00.  Take  care  to  keep  It 
straight. 

b.  Using  a  cloth  tape  to  measure  each  offset  distance  to  any  existing  fea- 
tures, position  younself  over  the  base  line  at  a  angle  from  the  obj^t  to 
be  located.  iFigure  3) 

FIGURE  3 


Pt."A"    40.5'  1+00 

 ^ 


Fence 


2+00 
— • — 


3+30 

— 


4+00 
— # — 


Pt.  "B" 


-  90' 

Tree 

c-  Once  you  are  satisfied  that  you  are  at  90*  to  the  baseline  (either  by  esti- 
mating or  by  the  use  of  a  pentaprism),  the  station  or  distance  from  the  last 
100  foot  station  should  be  recorded. 

Example:   40.5  ft.  vwuld  equal  Sta,  0+40.5  to  the  tree 

d.  After  the  statton  Is  noted  In  the  field  book  and  the  Item  is  described,  the 
tape  person  should  take  the  zero  end  of  the  tape  toward  the  object  (Exam- 
pie:  tree^  and  measure  the  offset  distance  (horizontal)  from  the  tree  to  the 
tape  laying  at  the  tjasellne  of  the  survey.  (Figure  4) 

Example:  31.5'  (Right)  to  6"  tree 

FIGURE  4 


Sta  0+40.5 
Pt,  "A"  I 

— nn — • 

>  31.5  ft 


1+00 
« — 


2+00 


3+00 


4+00 


Pt.  "B' 
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e.      This  Informaiion  should  be  documented  in  the  field  book  and  If  it  Is  left 
or  right  of  the  baseline. 

This  total  process  is  continued  throughout  the  length  of  the  sun/ey  base  line. 

a-      All  existing  features  are  located  with  a  station  and  an  offset  left  or  right. 

(NOTE:  left  and  right  are  ahivays  designated  when  facing  in  the  direction 
the  stationing  is  progressing,) 

b.      Document  all  descriptions  of  objects,  sketches  of  buildings,  etc.  on  the 
right  hand  page  of  the  field  book. 

After  completion  of  survey, 

a.  Pick  up  all  equipment. 

b.  Clean  up  and  make  a  check  for  missing  items. 

c.  Store  equipment  in  proper  locations. 
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TOPOGRAPHIC  SURVEYING 
UNIT  VIII 


NAME 


TEST 


Match  the  term'*  on  the  right  wih  the  correct  definitions. 

  -  a.      The  diflGrence  in  elevation  or  inequality  of  a 

land  surface:  the  type  of  terrain  on  a  given 
parcel  of  land 


.b. 


 c. 


 d. 


 t. 


A  line  that  connects  points  of  the  same  or 
equal  elevation 

The  configuration  of  a  surface  including  its 
relief  and  the  position  of  its  natural  and 
manmade  features 

Artificial  features  that  are  products  of  peo- 
ple such  as  roads,  trails,  buildings,  bridges, 
canals,  etc. 

A  method  of  making  a  horizontal  distance 
measurement  by  the  use  of  a  fixed  angle 
intercept 

A  method  of  determining  approximate  hori- 
zontal distances <±1  foot  in  300  feet)  by  the 
use  of  two  additional  cross  hairs  in  most 
transits  and  levels,  one  above  and  one 
below  the  center  hair;  a  form  of  tacheometry 

Estimating  the  position  of  a  point  between 
two  known  poims;  commonly  used  when 
plotting  contour  lines 


2,     List  two  purposes  of  topographic  surveying. 

a.   .  

b.   


1.  Contour 

2.  Cultural  features 

3.  Interpolation 

4.  Relief 

5.  Stadia 

6.  Tacheometry 

7.  Topography 
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P^NttfHiuish  t-n  ihi^  iwc  rifif.sifici^tiofis     topotjraphir  surveys  by  plrinny  an  "A" 

■My*l  1<;  th»^  vit**-i:^ipiHMM,^^i    cUHia!  tuuvpys  and  a  "G"  next  to  thf*  dcbcfipt^ontsjo*  yrcnind 

„   ^. rrrqwr'ntly  for  ^malier  aroaiMo  be  'iiippi'd 

r.^       ^ftVi^l^x"*  !hc  a;tu:i'  survr  y  crew  perfurjTijnu  on  r.itc  contru!  Siirveys  to  obtain 

  c.       Involve  the  use  ot  actual  photcciraphs  taken  from  a<rpianes,  helicopters, 

vtncS  titiiollite*;^  to  determino  topographic  features  Dn  the  ground 

4.  idcrt  *v  I  ho  toUowing  mtUhod^  of  iocoting  topographic  details.  Select  your  answers 
ffoTTj  the  foHcmMny  list  mot  ali  are  shown  hew):  Two  d?stfinces  —  intersecting  method: 
Iwo  ur^gius  -  intersecting  method;  one  angle  avAi  the  adjacent  distance  —  polar 
•nethoti,  one  angle  and  the  opposite  distance  —  polar  method;  one  distance  and  a 
!,qht  angir  of^?et  -  ror.tamjuiar  method:  intersection  of  lines  from  straddle  points  — 
^:'.UMti»^v:tiny  rr.otriad;  and  tv^wO  angior^  a!  the  point  to  be  located  —  resecting  method. 


V 


/ 


A 
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TEST 


Dfbtirtyui.^h  between  the  thrt-o  riit^thoUt;  ut  topoqf^Miic  suiwivinp  pldcifu}  the  tf,!lovv 
U}^  icttcrt^  next  to  the  correct  desc  riot  tons; 

«  "HA"  1(1}  nyhl  aricjk*  offset  surveys 
o  'iV  for  fjrid  'ayout  surveys 

1)  A  basulint;  iti  yetup  with  stations  laid  oi'  (usually  eyery  100  ft.) 

2)  Rigtit  angles  arc  established  at  each  of  the  objects  that  aro  to  bo 
located,  either  by  estimating  90°  or  by  the  use  of  a  double-peiitagon 
prisrr.. 

3)  The  station  along  the  baseline  is  noted  where  the  right  angle  is  made, 
and  a  horizontal  distance  is  measured  from  this  point  to  the  object  to 

tte  located. 

t'       1)  A  grid  system  of  points  is  laid  out  across  the  overall  area  to  be  ^u' 
veyed. 

2)  Lines  and  points  are  identified  by  using  letters  and/or  numbers. 
3|  MeasureiYients  are  made  from  grid  points  to  each  of  the  tealufes  that 
must  be  located. 

.  r       1>  A  traverse  point  is  occupied  with  a  transit  or  theodolite, 

2)  Each  (opograph)c  feature  is  observed  and  an  angle  and  distance  to  that 
point  is  recorded. 

ff'rjpit'tv  thu  followirjQ  statements  concerning  stadia  principles  by  circling  the  conect 
answefii. 

<i.      Stdds.i  IS  a  form  of  tacheometry  that  relies  on  a  ivariaWe.  Vix&d)  anqh;  xilui'.ep! 
for  measunng  distances. 

b.  Is  coinniorily  used  in  topographic  surveys  where  an  accuracy  ot  f '/kh*.  '/^on)  is 
acceptable. 

c.  In  .'Olves  a  transit,  theodolite,  or  sometimes  a  level  that  is  equipped  with  a  cross- 
tuair  reticle  Itrat  has  (tacheometry,  stadia)  hairs. 

<i       Stddia  rr',t:!hods  (are,  are  not)  suitable  for  inclined  measureincnSo. 

fciekvt  fnxn  the  following  list  characteristics  ot  contours  by  placing  at!  -X'  m  th"  .-jppr:. 
piiate  blaf^Hs. 

•  -   Contoujs  are  paraliui  to  the  direction  of  maximum  slope. 

-  b.      Contours  are  perpendicular  to  the  direction  of  maximum  slope. 

 ^  be  slope  between  contour  lines  is  assumed  to  be  umforni. 

  cJ-      Concentric  closed  contours  that  increase  in  elevation  represent  depres- 
sions. 


1  i 


s:>!ini  contour 
K  ;  :r  ^  v>  riu  a!  surface 


N  I'M-.'!      !h(>d.  and  "G" 


>vv  points  and 

^  *      r^'.^ifus.  etc.  and  deter- 
■  :^ihnt^h<■d  i^iovation  point. 


,  *  iMr>inin!ent  to  detor 
*   ^    t^r  yn.^und  that  indi- 
-  /     t^  -n  r^.  roulecJ  to  locate 
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TEST 


(NOTE:  If  the  following  activities  hnvc  not  been  arconiplishnd  pttvr  lo  Ihc  !<».^t.  ask  your 
instructor  when  they  should  bo  complctod.5 

10.  Ck)nstruct  an  accurate  conlour  drawing.  (Assigfimrnt  SNhM  #i» 

11.  Layout  and  ploi  contours  froru  mi'm^  survey  notes.  (Assujnnicfit  Sheet 

12.  Derrjonstrate  the  ability  to: 

a.  Perforn  a  radial  topo  survey.  {Job  Sheet  <*15 

b.  Perform  a  right-angle  offset  survty.  iJob  Shee>t  #2i 


TOPOGRAPHIC  SURVEYING 

UNIT  vni 


ANSWERS  TO  TEST 


a.  4 

b.  1 

c.  7 

d.  2 

e.  6 

f.  5 

g.  3 


Any  two  of  the  following: 

a.  To  determine  the  location  of  all  natural  and  cultural  features  on  the  site. 

b.  To  determine  the  configuration  (relief)  of  the  earths  surface. 

c.  To  determine  the  most  desirable  and  economical  location  of  highways,  railways, 
canals,  pipelines,  buildings,  and  many  other  facilities. 


a.  One  angle  and  the  opposite  distance  —  Polar  method 

b.  One  angle  a^d  the  adjacent  distance  -~  Polar  method 

c.  One  distance  and  a  right-angle  offset  —  Rectangular  method 

d.  Two  distances  ~  Intersecting  method 

a.  RA 

b.  G 

c.  R 

a.  Fixed 

b.  Uauo 

c.  Stadia 

d.  Are 


a. 


b. 


G 
G 
A 


b,  c,  e,  f 


a. 

b. 


G 
D 


c. 
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ANSWERS  TO  TEST 


J  9     Any  five  of  the  following: 

a  Keep  notes  neat  and  legible, 

b.  Keep  concise  records. 

c  Clearly  label  the  columns. 

d.  Topo  should  be  taken  in  ordar  or  in  sc*qui*nco  whon  pussiblo 

V,  Description  of  topo  items  snotild  be  clear, 

f  Points  should  be  numbered  for  easy  reference  to  sketches 

(}  Sketches  should  be  neat  and  done  with  a  straight  edge 


\V  ^  1      EvaiuatoU  to  the  satisfaction  of  the  instructor. 

12.     Performance  skills  evaluated  to  the  satisfaction  of  the  instructor 
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CONSTRUCTION  SURVEYING 

UNIT  IX 


UNIT  OBJECTIVE 

After  completion  of  this  unit,  the  student  should  be  able  to  state  the  rule  for  corr»putlng  grades 
or  slopes.  Identify  primary  casef  where  slope  stakes  may  be  used,  and  calculate  and  stake 
both  horizontal  and  vertical  curves.  Competencies  will  be  demonstrated  by  correctly  perfornv 
Ing  tho  procedures  outlined  in  the  assignment  and  job  sheets  and  by  scoring  85  percent  on  the 
urat  test. 

SPECIFIC  OBJECTIVES 

After  completion  uf  this  unit,  the  student  should  be  able  to: 

1.  Match  terms  related  to  construction  surveying  with  the  correct  definitions. 

2.  State  the  purpose  of  construction  surveys 

1.  Select  true  statements  concerning  th^  responsibilities  of  a  construction  surveyor. 

4.  State  the  purposes  of  horizontal  and  vertical  control  points 

5.  Complete  statements  concerning  laying  out  control  points. 

6.  State  the  rule  or  formula  for  computation  of  grades  or  slopes. 

7.  Complete  statements  concerning  offset  stakes. 

8.  Differentiate  between  a  baseline  and  an  offset  stake. 

9.  Match  types  of  stakQ  markings  with  their  descrlptions, 

10.  Anange  In  order  the  steps  in  laying  out  a  building  locat;on. 

11.  Identify  typical  roadway  sections. 
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12.  Complete  statements  concerning  slope  staking. 

13.  State  the  equations  used  in  locating  slope  stakes. 

14.  Distinguish  between  the  types  of  horizontal  curves. 

15.  Identify  the  elements  of  a  simple  horizontal  circular  curve. 

16.  Arrange  in  order  the  steps  for  computing  and  laying  out  a  simple  horizontal  curve. 

17.  Match  the  elennents  of  a  simple  vertical  cun/e  with  their  correct  locations  on  a 
schematic  drawing. 

18.  Arrange  in  order  the  steps  for  computing  a  vertical  curve. 

19.  Calculate  a  simple  horizontal  curve.  (Assignment  Sheet  #1) 

20.  Calculate  a  simple  vertical  curve.  {Assignment  Sheet  #2) 

21.  Demonstrate  the  ability  to: 

a.  Stake  a  horizontal  cun/e.  (Job  Sheet  #1) 

b.  Stake  a  centerline  profile  with  a  vertical  curve.  (Job  Sheet  #2) 

c.  Stake  a  sewer  profile  with  offsets.  (Job  Sheet  #3) 
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CONSTRUCTION  SURVEYING 
UNIT  IX 

SUGGESTED  ACTIVITIES 

A.  Obtain  additiontii  materials  and/or  invite  resource  poople  lo  ciasn  to  suppieinenlirein- 
fofce  informalion  provided  in  th^s  unit  of  instruction. 

(NOTE:  ThiF  activity  should  be  completed  prior  to  the  leaching  of  this  unit.) 

B.  Makv  transparencies  from  the  transparency  masters  tncluded  with  this  unit. 

C.  Provide  students  with  objective  sheet. 

D.  Discuss  unit  and  specific  objectives. 

E       Provide  students  with  information  and  assian*r)cnt  sheets. 
F.       Discuss  information  and  assignment  sheets, 

(NOTE:  Use  the  transparencies  to  enhance  the  information  as  rmoded.) 
G      Provide  students  with  job  sheets. 

H.  Discuss  and  demonstrate  the  procedures  outlined  in  the  job  sheetts. 

I,  Integrate  the  following  activities  throughout  the  leaching  of  this  unit: 

t.     Suggest  that  th(^  students  keep  daily  logs  of  what  they  do  for  n  one  or  two  week 
period.  Demonstrate  the  importance  of  documenting  information  frequently. 

2      Discuss  tfie  different  techniques  of  note  keeping  for  construction  staking  proce- 
dures. 

3.  Visit  current  construction  sites,  monitoring  progress,  visiting  with  construction 
superintendents,  field  inspectors,  and  construction  surveyors. 

4.  Visit  a  building  site,  study  the  configuration  of  the  building,  not^  the  technique  of 
t)atter  boards  used,  and  possibly  set  up  a  batter  board  for  a  simple  buildinc], 

5.  Layout  one  of  the  various  types  of  spiral  curves  discussed  in  this  unit. 

6.  Meet  individually  with  students  to  evaluate  their  progress  ttirough  tfiis  unit  oi 
instruction,  and  mdict^le  to  them  possible  areas  for  improvement. 

J       Give  test 

K.      Evaluate  test. 

L      Reteach  if  necessary. 

I ;  I  i 
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INSTRUCTIONAL  MATERIALS  INCLUDED  SN  THIS  UNIT 


A.  Objective  sheet 

B.  Infofmatfon  sheet 
TranspareiT^y  masters 


1 

TM  1  — 

Procedure  foi  Setting  Profile  Line  and  Grade 

2. 

TM  2  — 

Typical  Cut  and  Fill  Stakes 

3. 

TM  3  — 

Typical  Building  Layout 

4. 

TM  4  - 

Typical  Roadway  Sections 

5. 

TM  5  — 

Slope  Stake  Locations 

D.  Assignment  sheets 

1.  Assignment  Sheet  #1  —  Calculate  a  Simple  Horizontal  Curve 

2.  Assignment  Sheet  #2  —  Calculate  a  Simple  Vertical  Cur/e 

E.  Answers  to  assignment  sheets 

F.  Job  sheets 

1.  Job  Sheet  #1  -  Stake  a  Horizontal  Curve 

2.  Job  Sheet  #2  —  Stake  a  Vertical  Curve 

3.  Job  Sheet  #3  —  Stake  a  Sewer  Profile  With  Offsets 

G.  Test 

H       Answers  to  tost 

REFERENCES  USED  IN  WRITING  THIS  UNIT 

A.  Kavanagh,  Barry  and  S.  J. '  enn  Bird.  Surveying:  Principles  and  Applicalions.  Reston, 
VA:  Reston  Publishing  Co.,  inc.,  1984. 

B.  Brinker.  R.C„  and  RR.  Wolf.  Elementary  So  veying,  7tn  ed.  New  York,  NY;  Harper  and 
Row.  1984. 

C.  Kissam,  Phillip.  Surveying  Practice.  3rd  od.  New  York.  NY.  McGraw  Hill  Book  Company. 
1978. 

SUPPLEMENTAL  REFERENCE  MATERIALS 

A.      Davis.  R.E-.  F,S.  Foote.  and  J.H.  Kelly.  Surveying,  5th  ed.  New  York.  NY:  McGraw  Hill 
Book  Company.  1966. 
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SUPPLEMENTAL  REFERENCE  MATERIALS 


B.  KIssam,  Phillip.  Surveying  for  Civil  Erygineers.  New  York.  NY;  McGraw  Hill  Book  Com- 
pany. 1976. 

C.  Breed,  Hosmer  (Fang.  Barry).  Principles  and  Practices  of  Elementary  Surveying.  1 1  th  ed. 
New  York.  NY:  Wiley.  1977. 

D.  Pafford.  F.W.  Handbooks  of  Survey  Noteheeping.  New  York:  John  Wiley  and  Sons.  1962. 
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CONSTRUCTION  SURVEYING 
UNIT  IX 

INFORMATION  SHEET 


I     Terms  and  definitions 

A.  Construction  sun^eying  —  The  process  of  laying  out  ail  typos  of  facilities 
on  proposed  engineered  sites  prior  to  construction  by  giving  alignment  and 
grade  to  aid  the  contractor  during  instaliation 

B.  Equal  tangent  cun/e  —  A  vertical  cun^e  with  tangent  lengths  that  are  the 
same,  therefore  making  the  curve  symmetrical 

C.  Flow  line  —  Normally  referring  to  the  inside  bottom  of  a  pipe  or  culvert 
(NOTE:  This  is    similar  to  the  invert  of  pipe.) 

D.  Grade  stake  —  A  stake  set  by  a  surveyor  tc  give  contractors  a  known  eleva- 
tion  to  base  thejr  construction  on,  usually  noted  with  a  cut  or  a  fill  for  the 
vertical  distance  above  or  below  the  stake 

E.  Grade  rod  reading  ~  The  calculated  rod  reading  that  is  desired  if  the  rod 
was  placed  on  design  grade 

Example:    H.I.  —  Design  grade  =  Grade  rod  reading 

R  Gradient  —  The  decimal  form  of  a  percent  of  slope:  indicates  the  steepness 
of  a  sloped  surface 

G,  Invert  elevation  (I.E.)  —  1  he  lowest  visibic  surface;  the  bottom  or  floor  of  a 
manhole,  drain,  sewer  channel,  tunnoK  vie. 

(NOTE:  This  Is  usually  a  subsurface  item.) 

H.  Slope  ratio  —  The  inclination  of  a  surface  expressed  one  unit  of  rise  or 
fall  for  so  many  horizontal  units 

Examples:   4:1,  3:1 

IL     Purpose  of  construction  surveys  —  To  provide  the  iiori^onta!  and  vertical  layout 
for  every  key  component  of  a  construction  project. 

{NOTE:  Surveyors  la>  out  and  position  all  types  of  facilities  from  streets,  water  and 
sewer  lines,  and  structures  according  to  thp  der.ign  plan  Ove^  60^  -  of  all  hours 
spent  surveying  is  on  location-type  work  giving  lino  and  grade.) 

Hi.     Hasponsibllities  of  a  constnuction  surveyor 

A.      Keeping  notes 

1.  Should  be  extensive  and  detailed  on  every  phase  of  construction. 

2.  Are  often  used  when  developing  a5't>uiit  drawings. 
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INFORMATION  SHEET 

3.  Are  used  to  document  field  changes. 

4.  Could  conceivably  be  used  in  court  as  documented  evidence. 

B.  Keeping  daily  logs  or  diaries 

1.  Are  used  to  document  in  detail  the  daily  progress. 

2.  Are  often  used  for  partial  payment  of  work  completed. 

3.  Are  used  to  record  all  field  changes  or  change  orders. 

4.  Are  used  for  final  quantities  and  as-built  dravirings, 

C.  Communicating  at  the  construction  site 

1.  Instructions  must  be  clear  to  all  contractors  about  staking  proce- 
dures, offset  distances,  cut/fill  markings,  and  traffic  control. 

2.  Good  communication  must  exist  with  any  involvwi  parties  such  as 
adjacent  owners  and  the  concerned  public. 

3.  Directions  must  be  clear  to  all  survey  party  members  on  staking 
methods,  accuracy,  safety,  and  the  Importance  of  clear  and  correct 
stake  markings. 

IV.  Purposes  of  horizontal  and  vertical  control  points 

A.  To  serve  as  a  good  framework  of  control  around  the  project  area. 

B.  To  act  as  a  base  for  positioning  structures,  utilities,  roads,  etc. 

V.  Laying  out  control  points 

A.  Should  be  far  enough  from  the  actual  construction  to  ensure  working  room 
for  the  contractor  and  freedom  from  possible  destruction. 

B.  Should  be  clearly  marked  and  unde''stood  by  the  contractor  In  the  absence 
of  a  surveyor. 

C.  Should  be  supplemented  by  guard  stake.s  to  deter  accidental  removal. 

D.  Should     "tied  off"  or  located  by  tie  points  outside  the  actual  construction 
area  so  thai  replacement,  if  necessary,  can  be  performed  without  difficulty. 

{NOTE:  Prior  to  construction  worN,  any  exist'ng  government  control  points 
should  be  researched  and  relocated.  Any  control  point  that  Is  disturbed  by 
construction  should  be  documented  and  the  proper  authorities  notified.) 
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Vf.     Computiition  of  grades  or  slopes  (Figure  1) 

A.  Determine  the  total  horizontal  distance  between  the  two  points  that  the  pro- 
posed grade  must  match. 

B.  Determine  the  total  vertical  difference  in  elevation  of  the  two  points  being 
matched. 

C.  Apply  the  following  formula  to  find  the  percent      of  slope: 

Veftical  difference  _  8/„  emop 
Horizontal  distance  ^'^^^ 

FIGURE  1 
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VH.     Offset  stakes  (Transparency  1) 

A.  Normally  located  (Figure  2) 

1 .  Away  from  actual  construction 

2.  Convenient  for  transferring  grade  by  the  contractor 

B.  Offset  distance  may  vary  depending  on  depth  of  excavation, 

C.  Usually  designated  with  a  cut  or  fill  from  top  of  offset  stake. 
FIGURE  2 
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D.  Are  instaltec^  parailol  to  construction  alignment. 

E.  Desicjn  elevations  are  determined  at  each  offset  stake. 

F.  Actual  offset  stake  elevations  are  determined  by  leveling  procedures. 

G.  Cuts  or  fills  are  calculated  by  t^e  foHov^ing  relationship: 

Design  elevation  ^ 

Offset  stake  elevation 

(NOTE:  The  algebraic  sign  indicates  cut      or  fill 

H.  Calculations  are  checked  prior  to  marking  stakes. 

I.  Offset  stakes  are  marked  for  construction  use.  (Figure  3) 
FIGURE  3 


{NOTE:  Stake  markings  vary  from  project  to  project  and  contractor  to  con- 
tractor. This  should  be  discussed  extensively  prior  to  construction.) 

VIH.     Baseline  stationing  and  offsets  (Figure  4) 

A.  Baselines  are  normally  located  from  c  ^ntrol  points. 

B.  Stations  are  established  at  regular  intervals  (usually  1CK)  feet)  along  the 
baseline,  normally  in  the  direction  of  construction  progress. 


1  I  ^ 
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C.  Construction  stationing  should  coincide  with  design  stationing. 

D.  Offsets  are  established  perpendicular  to  construction  baseline. 
FIGURE  4 


Direction  of 
Construction  Progress 


IX.     Types  of  staKe  markings  (Transparency  2) 

A.      Cuts  —  Are  determined  vertical  distances  from  the  proposed  design  eleva- 
tion to  the  actual  stake  elevation.  (Figure  5) 

FIGURE  5 
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B,      Fills  —  Are  determined  vertical  distances  from  the  proposed  design  eleva- 
tion to  the  actual  stake  elevation.  (Figure  6) 


FIGURE  6 
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(NOTE:  Often  cut  or  fill  stakes  are  set  at  an  offset  which  is  commonly 
marked  on  the  reverse  side  of  the  stake.  This  off^t  distance  should  always 
be  discussed  with  the  contractor  to  assure  a  convenient  distance  and  to 
understand  exactly  what  the  offset  is  referenced  ♦c,  such  as  back  of  curb, 
face  of  curb,  or  ({^  manhole.) 

C.     Blue  tops  —  Construction  stakes  that  are  set  by  the  surveyor  to  the  actual 
design  elevation  according  to  the  construction  plans.  (Figure  7) 

FIGURE  7 
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X.     Laying  out  a  building  location  (Transparency  3) 

A.      Locate  the  building  perimeter  on  the  property  following  the  approved  layout 
plans. 

(NOTE:  This  needs  to  follow  the  city's  setback  ordinances  and  any  nestrlc- 
tive  covenants.) 
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Lay  out  actual  building  corners  on  the  site  as  a  ^'isual  check  on  positioning. 

(NOTE:  Obviously,  these  will  be  lost  Immediately  when  construction 
begins.) 

Set  the  offset  stakes  perpendicular  to  each  building  corner  at  the  required 
distance.  (Figure  8) 

FIGURE  8 
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D.  With  a  )Gve!  determine  thr  oScvatiun  of  c^ach  offset  sUKv,  and  reference  V^v 
finish  floor  or  top  of  foundation  wail  with  either  a  cut  or  fil!  distance  tforn 
the  top  of  each  stake. 

{NOTE:  Bettor  boards  are  norn^ally  up  at  ouch  bullxliug  cvhh:^  intrrsec- 
tton  and  referenced  to  finish  floor  Sec  Ficiure  9j 

FIGURE  9 


Typical  roadway  sections  (Transpwirency  4) 
A.      Fill  section 

K     Occur**  when  the  future  roadway  is  located  above  existing  grade. 

2.  Usually  the  existing  topsoil  or  black  dirt  wiU  be  removed  and  then  an 
approved  filf  material  is  installed  and  compacted  to  the  proper  eleva- 
tion. 
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B.  Cut  section 

1.  Occurs  when  the  future  roadway  will  be  located  below  the  existinq 
ground  surface. 

2.  The  existing  ground  is  stripped  away  to  a  depth  that  reflects  the 
desired  subgrade  elevation,  then  the  roadway  material  is  installed. 

C.  Transition  or  mixed  section 

1 .  Occurs  when  both  rut  arid  fill  operations  must  be  performed,  such  as 
along  the  side  of  a  hill. 

2,  The  areas  of  cut  will  be  stripped  away  and  are  often  moved  Into  the 
areas  of  fill  and  recompacted. 

Slope  staking  (Transparency  5) 

A.  Slope  stakes  aro  set  to  guide  the  contractor  during  excavation. 

B.  These  are  normally  placed  at  the  intersection  of  the  original  ground  and 
each  side  slope,  or  sometimes  offset  a  short  distance  2  to  4  feet. 

C.  The  cut  or  fill  at  each  location  is  marked  on  the  slope  stake. 

1.  Actually  there  is  no  cut  or  fill  at  the  slope  stake. 

2.  The  markings  indicate  the  vertical  distance  from  the  ground  eleva- 
tion at  the  slope  stake  to  design  grade.  (Figure  10) 

FIGURE  10 


D.      Normally  used  for  construction  of: 

1.  Streets  or  highways 

2.  Drainage  ways  or  canals 

3.  Dikes  and  embankments 

4.  Bridge  approachways 

5.  Dams  or  reservoirs 

6.  Berms  along  structures 
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XIM.     Procedures  of  slope  staking 

A.      Location  of  a  slope  stake  in  a  cut  seclton  (Figure  11) 
FIGURE  11 


 I^Zf^ 


Depth  of\95 


3  74' 


Given:    Profile  grade  (top  of  granular)  ^  Elevation  480.00 
Height  of  instrument  setup  =  Elevation  486.28 
Vertical  distance  to  ditch  invert  =  -3.74  feet 

Calculate:    Ditch  invert  elevation;  480.00  -  3.74  =  476.26 
Grade  rod  reading;  486.28  -  476.26  -  10.02 

1.  Using  the  following  ea  ;iiiofi  compute  the  depth  of  cut  at  each  trial 
position. 

Depth  of  cut  =  Grade  rod  reading  -  Ground  rod  reading 

2.  Using  the  following  equation  compute  the  horizontal  offset  distance 
(X|  where  the  siope  stake  should  be  placed. 

X  =  (Depth  of  cut  X  slope)  +     base  distance 

Example:    X  =  (Depth  of  cut  v  3)  +  29.0' 

3.  The  rod  pc.son  holds  the  rod  and  cloth  tape  an  estimated  distance 
from  centerline  and  gives  a  rod  leading. 

E.xampie:    6.0  rod  reading  at  a  dis.ance  of  ^35.0'  from  center  line 

Compute;    Depth  of  cut;  10.02  •  6.0  =  4.02 
X  =  (^02  X  3)  +  29  =  41.06  ft. 

Thetefore.  X  =  -11.06  ft. 
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4.  The  rod  person  was  only  a!  35.0  feet  from  centeriine  and  It  was  calcu- 
lated that  he  should  iDe  at  41.06  ft.  Therefore,  he  should  move  farther 
out. 

•An  important  rule  to  remember  when  each  attempt  Is  made  Is: 

a.  If  the  existing  grade  and  the  proposed  side  slope  are  sloping 
in  opposite  directions,  the  rod  person  should  move  out  less 
than  the  previous  calculated  distance. 

Example:    FIGURE  12 


Proposed  Side  Slope  


^  Exisimg  Grade 


1st  Tfy...35'RT. 


2nd  Tfy..40'RT, 


.Calculated  Distance  4106' 


b.  If  the  existing  grade  and  the  proposed  side  slope  are  sloping 
in  the  same  direction,  the  rod  person  should  move  out  farther 
than  the  previous  cafcuJaled  distance. 


Example:    FIGURE  13 

2nd  Try  — 

Caicuiated  Distance  ..41.06'  — - 
1st  Try.  35* fir   


//  ///v  ?  /  /  /  /  ; / 

Proposed  Side  Sfope 


Existing  Grada 


5.     The  rod  person  moves  out  to  the  next  point  for  a  second  try. 
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6.    The  rod  person  should  then  move  in  closer  using  the  determined  dis- 
tance fast  computed. 

Example    6.10  rod  reading  at  a  distance  of  41 .0  feet  from  centerline. 

Compute:   Depth  of  cut  =  10.02  -  6.10  =  3.92 
X  =  (3.92  X  3)  +  29  =  40.80  ft. 

(NOTE:  This  location  is  within  a  few  tenths  of  a  foot  from  the  actual 
point,  so  the  stake  is  driven  at  a  slight  angle  and  a  cut  figure  of  3.92 
ft.  would  be  marked  on  it,  usually  rounded  to  tenths,  C  =  3.9  ft.) 

B.     Locations  of  slope  stakes  for  flH  sections  would  be  calculated  with  the 
same  procedure.  (Figures  14  and  15) 

1.  In  all  cases,  it  is  done  by  trial  and  error  with  each  attempt  being 
recorded  in  field  notes. 

2.  Distances  from  cross-section  drawings  can  be  scaled  to  aid  in  deter- 
mining your  first  Initial  trial  distance. 

3.  The  process  seems  lengthy,  but  after  work  has  commenced,  the  sur- 
veyor can  proceed  more  quickly. 

(NOTE:  Various  methods  of  documenting  the  information  are  used. 
After  discussing  with  your  instructor,  an  agreed-upon  method  can  be 
used.) 

FIGURE  14  —  Instrument  H.I.  above  subgrade 
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FIGURE  15  —  Instrument  H.l.  below  subgrade 
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Horizontal  curves 

A.  There  are  two  types  of  horizontai  curves, 

1.  Circular  curves 

2.  Spiral  curves 

B.  Circular  curves  consist  of  (Figure  16) 

1.  Simple  curve:  A  circular  arc  connecting  two  tangents 

2.  Compound  curve:  Con^posed  of  two  or  mere  arcs  of  dltfensnt  radii 
tangent  to  each  other 

3.  Broken-back  curve:  The  combination  of  a  short  tangent  length  (usu- 
ally less  than  1<X)'}  connecting  two  circular  arcs  that  have  centers  on 
the  same  side, 

4.  Reverse  curve:  Consists  of  two  circular  arcs  tangent  to  one  another 
with  their  centers  on  opposite  sides 

FIGURE  16 
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C.      Splrat  curves  (Figure  17) 

1.  Consist  of  a  radius  that  increases  or  decreases  slowly  frr.  infinity  at 
the  tangent  to  that  of  the  curve  it  meets. 

2.  Can  be  used  to  connect  a  tangent  to  a  circular  curve,  a  tangent  with  a 
tangent  (double  spiral),  or  a  circuJar  cun^e  with  a  circular  curve. 

FIGURE  17 


Circular 


Spiral  between  Tangent         Double  Spiral  Spiral  between 

and  Circular  Cunre  Circular  Cunres 


Baments  of  a  simple  horizxjntai  circuiSi  eurve  (Figure  18) 
FIGURE  18 


I  or    =    Angle     or  (Delta)  —  The  central  angle  subtended  by  a  curve  or  the 
change  in  direction  of  two  tangents 

R}.  a    Point  of  Intersection  (of  the  tangents) 

RC.  =    Point  of  curvature  (beginning  of  the  curve) 
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RT.  =    Point  of  tangent  {end  of  the  curve) 

T  -    Tangent  distance  (distance  from  RC.  to  Rl.  or  Rl.  to  RT.) 

R  -    Radius  (horizontal  distance  from  the  radius  point  of  the  complete  circle  to 
any  point  along  the  curve) 

LC.  =    Long  chord  (straight  line  distance  from  RC.  to  RT.) 

L  c    Length  of  curve  (distance  along  the  curve  from  RC.  to  RT.) 

E  =    Externa!  distance  (distance  from  Rl.  or  vertex  to  the  curve) 

M  =:    Middle  ordinate  (distance  from  midpoint  on  long  chord  to  midpoint  of  the 


RO  C.      Point  on  curve  (any  point  along  the  actual  curve) 
RO.T.  =    Point  on  tangent  (any  point  along  the  tangent  lines) 
D°a  (Arc  definition)  =    Degree  of  curvature  (See  Figure  17) 
D*c  (Chord  definition)  =    Degree  of  curvature  (See  Figure  17) 

(NOTE:  Degree  of  curvature  is  defined  as  the  central  angle  at  the  center  of  a  circu- 
lar arc  subtended  by  a  ir  ^  foot  arc  or  chord  (depending  on  the  method  Da  or  Dc). 
The  "arc  method"  is  four   to  be  the  most  common.) 

FIGURE  19 


curve) 


100  FT 


R 


5729^56 

 b  ' 


jtoq 

2»R 


Chord  Definition 


Arc  tteflnHion 


Formulas  for  solving  curve  elements 


D^ 
360* 


100       .  D 

-----  and  R 

?  IT  R 


ft. 


T  = 


R 


tan  " 
2 
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L    100  i-  or  L  *  J-  (it  ■  Dia) 
D  360 


R  «  T/tan  - 


LC  =  2  •  R  sin  - 
2 


R  2  R 


M 


«  R  (l/cos  ~)  -  1 
=  R  ■  (l  -  cos  |) 


XVI.     Steps  for  computing  and  laying  out  a  simple  horizontal  cuiye  (Follow  with  Table  1 
and  Figures  20  and  21.) 

A.  Set  the  Rl.:  Intersect  the  two  tangent  lines 

B.  Measure  the  plus  station  of  the  Rl.  (Note  Table  1.  measure  from  station 
7  +  00,  47.64  ft.  =  7  47.64) 

C.  Measure  /  angle  {also  referred  to  as    or  Delta.) 

(NOTE:  Angle  X  can  be  measured  and  s  can  be  computed  180*"  -  X  =  A.) 

ISOWOO" 
-  105°13>24"  =  X  angle 
A  angle  «        74«46'36"      (for  this  example) 

D.  Compute  "T":  T  «  R  tan  A/2 
T  =  229.27  ft. 

E.  Compute  "L":  L  =  A/360-  (x  DIa.)  or  100-  A/D»  or  use  Table  1  below. 

70«^  =  1.22173  1.30510 

4*  «  0.06981  X  R  =  300 

40'  s  0.01164  391.530(» 

6'  «  0.00174 

30"  =  0.00015 

6"  =  O.00OO3 

Sum  =  1.30510  L  =  391.53ft 
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1 

t      Table  1      Length  of  Curve  for  Radius  1 .00  ft 

1 


'  ■  ■-  ■ 

length. 

Length 

Length 

10° 

0.17453 

10' 

0.00291 

10" 

0.00005 

20** 

0,34907 

20' 

0.00682 

20" 

o.or  0 

30" 

0.523G0 

30' 

0  00873 

30" 

O.OC  J 

40" 

0.69813 

40' 

0.01164 

40" 

0.00019 

50" 

0.87266 

50' 

0.01454 

50" 

0.00024 

60" 

1.04720 

60' 

0.01745 

60" 

0.00029 

70* 

1.22173 

70' 

0.02036 

70" 

0.00034 

1.39626 

80' 

0,02327 

80" 

0.00039 

90^ 

t  57080 

90' 

0.02618 

90" 

0.00044 

'  74533 

100* 

002910 

 -  J 

100" 

0.00048 

Compute"  ttu'  pius  .station^:; 

P!.  sia.         *  7  +  47,64 

-;T-  -  229.27 

P.C,  5ta         0  5  4-  1B.37 

PI  i-.ta.        '  9  +  09.90 


iNO'lL.  The  Pf.  station  doe  r-  fsot  cquni  the  PI  station  plus  "T"'  {tangent  dis- 
\ancM.) 
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Compute  the  deflection  angles.  (Figure  20) 
FIGURE  20 


13  ^  00/ 


12  4  15.79>  ^ 


PC  8  ♦  50 

1.     First  deflection  angle: 


Station  5+60 
PC.  station     5  4  18.37 


Length  1st  arc  =  31.63 

Appiy  the  formula 

""^"^^■^  ^  1718.87  =s  Del.  angle  in  minutes 
radius 

{NOTE:  1718.87  is  often  rounded  to  1719  except  on  long  curves.) 
"  "•'^^^  =  ^^^-^^  minutes 

181  24 

on  -  =  3*''-24'  or  3*01 '15" 
60 
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FIGURE  21 


Sta 

Chord 

Cupp^  Data 

+  29.80 

9.91 

37*^23' 25" 

R  ^  300L 

12  +  50 

35^' 0" 

^  =  74**46'36'' 

+  50 

49.94 

31*^46*30" 

^  «  37*23-18" 

11+0 

49.94 

26''20'O0" 

2 

37'»23.20' 

+50 

49,94 

21^33' 30" 

+  47.64  Pi 

T  ^  229.27 

10  +  0 

49.94 

16*^47' 00" 

L  =  391.53 

+50 

49  94 

12W30 

9  +  0 

49.94 

+24  26 

31.62 

2*27' 30" 

+ 18,37  PC 

0 

8  +  0 

2nd  deflection  is  equal  to  the  1st  deflection  plus  the  deflection  which 
subtends  the  50'  arc  length. 

thus;   -  X  1719  =  286.50  minutes  or  4M6'30" 
300 

(NOTE:  This  value  is  added  to  each  previous  deflection  angle  to 
determine  the  next  angle  setting,  until  the  last  arc  length  is  en-  -un- 
tered.) 

Last  deflection  angle:  PT  sta.        9  +  09.90 

Last  even  sta.     -  9  00.00 


Last  arc  length:  09.90 

~  X  1719  =  56.73  minutes  or  0*56' 44" 
300 


This  amount  56' 44"  is  added  to  the  previous  total  deflection  angle  to 
set  the  last  point  or  RT. 

^NOTE:  A  mathematic  check  of  work  Is  that  the  last  deflection  should 
equal  Al2,) 

H.      Compute  the  chord  lengths: 

1.  First  chord  «=  Sin  of  the  1st  deflection  angle  x  dia. 
Sin  of  S^OnS  (or  .052699)  x  600  =  31.62  ft. 

2.  Intermediate  chord  =  Sin  of  the  angle  for  a  50'  arc  x  dia. 
Sin  of  4«'46'30''  (or  .083243)  x  600  =^  49.94  ft. 
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3. 


Last  chord  =  sin  of  the  las!  angle  to  the  RT  x  dia. 
Sin  of  0''56'44"  (or  .016502)  x  600  ~  9.90  ft. 

(NOTE:  Long  chords  are  sometimes  calculated  which  Involve  tapina 
distances  from  the  RC.  station  directly  to  each  point  on  the  curve  If 
this  IS  to  be  performed,  the  same  formula  applies  but  the  total  deflec- 
tion angle  is  used  in  place  of  for  example,  the  angle  for  a  50'  arc 
Short  chords  are  frequently  used  unless  an  E.D.M.  is  accessible  to 
measure  the  long  chord  distances,  due  to  long  taping  distances ) 


XVIL     Vertical  curves 


B. 


C. 


Are  used  in  highway  and  street  vertical  alignment  to  provide  a  gradual 
change  between  two  adjacent  grade  lines.  a  «  ° 

Two  general  types 

1.  Crests  —  Changing  from  a  positive  gradient  to  a  negative 

2.  Sags  —  Changing  from  a  negative  gradient  to  a  positive 
Elements  of  a  simple  vertical  curve  (Figure  22) 
FiGURE  22 


Computed  Curve  Points 


RV.C.  =  Point  of  vertical  curvature 

RV.I.  =  Point  of  vertical  intersection 

RV.T  -  Point  of  vertical  tangent 

G,  =  Gradient  or  slope  of  back  tangent 

G:  ~  Gradient  or  slope  of  fore  tangent 

H  =  Vertical  distance  from  back  tangent  extended  to  the 
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XVIU.     Procedure  for  calculating  a  vertical  curve  (equal  tangents) 

(NOTE:  The  method  used  here  is  the  stage  methoiJ  which  is  a  cominon  method  ot 
computation,  it  is  easiest  to  understand  when  workit^q  with  an  example  problem. 
The  known  curve  data  is  listed  bciov;.) 

...Known  curve  data... 

L  =  200'  (8  stages^ 
G,   =    +  6.5%  {+r065) 
G.-   -   -3%  (-.03) 
RV,I.  =  Sta.  14  +  19 
P.V.I.   -  Eiev.  1229.41 


FIGURE  23 


Solution  by  Stage  Mothod 


RV.C 


25' 


PV 


i  RVJ. 


 .  


L=8  SfagKS  r^mr 


A.      Find  RV.C.  and  RV.T.  stations  mO  eicvations 

1.  P.VC.  sta.  formula:  P.V.).  sla.  ~  L'2  ^  RVC.  sta, 
Example:    14  +  19  -         =  13  +  19  •  P.V.C.  sta. 

2.  RVC.  elev.  formula:  U2  x  G  (with  sign  changed)  -  Elev.  cliff. 

Elev,  diff.  4-  RV!,  e'ev.  =  PVC.  elev. 

Example;    200/2  x  -.065  =  -6.b' 
-^6.5'  +  1229.41  =  1222.91  •   P.V.C.  elev. 
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B. 


3.  RV.T.  sta.  formula:  RVJ.  sta.  U2 
Example;    14  -f  19  +  100  =15  +  19  -  RV.T  sta. 

4.  P.V.T.  eiev.  tormula:  U2  x  G-  s=  E)ev.  diff. 

Elev.  diff,  +  RV.l.  efev.  -  RV.T.  elev. 

Example;    200/2  x  -.03  «=  -3' 

-3'  +  1229.41  =1  1226.41  *  P.V.T.  elev. 

Compute  H       Formula:  G;  -  G.  x  U2  =  H 

Example:    -.03  -  .065  =  -.095  x  100  «  -9.5'  .  "H" 

C.      Compute  C      Formula:  •  x  H  =  C 

Where:   S.L  =  Stage  length 
L  =  Curve  length 

(m)  -.1484375  -  "C" 

D      Compute  "C"  for  each  stage    Formula:  C  x  X-  =  Each  stage  correction 

{NOTE:  See  Table  2.) 
TABLE  2 


STATION 

X 

X' 

C  = -.1484375 

TANGENT  EL£VATION 

CURVE  ELEVATION 

PVC  13  +  19 
13  +  44 
13  +  69 
13  +  94 

0 

1 

2 
3 

0 

1 

4 
9 

0 

-0.15 
-0.59 
•  1.34 

1222.91 
1224.54 
1226.16 
1227.79 

1222.91 
1224.39 
1225.57 
1226.45 

PVi14+19 

4 

16 

-2,38 

1229.41 

1227.03 

14  4  44 

14  +  69 
14  +  94 
PVT  15  +  19 

5 
6 
7 
8 

25 
36 
49 
64 

-3.71 
-5.34 
-7.27 
-9.50  1 

1231.04 
1232.66 
1234.29 
1235.91 

1227.33 
1227.32 
1227.02 
1226.41 

E.  Compute  tangent  elevation    Formula:  G.  x  A  (Table  2) 

F.  Compute  cun/e  elevation      Formula:  Tangent  elevation  +  "C*  (Table  2) 

G.  Compute  high  or  low  point 

(NOTE:  High  points  are  often  calculated  to  find  the  exact  station  of  the 
crest  of  the  curve.  Low  points  are  often  calculated  to  find  the  lowest  point 
on  the  curve  for  location  of  drainage  structures,  etc.) 

1.     Find  "A"      A  -  dist.  from  RV.C. 

A  =  G.  X  (UG,-G,) 

A  =  .065  X  200/  095  =  136.84' 

A     136.84  .   Dist.  from  RV.C.  (13  +  19  +  136.84.  Sta.  14  +  55.84) 
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Find  "C" 

C  =  (A/L)'  K  H 

C  «  (136.84/200^  X  -9.5' 

C  »  -4.45  *  Elev.dlff. 

Find  tangent  elev.  s  G,  x  A  n  t.£.  ♦  RV.C. 

.065  X  136.84  «  8.^  +  1222.S1  »  1231.80 

Find  curve  elev.  «  Tangent  elev.  +  "C" 

1231.80  +  -4.45  «  1227.35     Elev.  high  pi. 

High  pt:  sta.  14  +  55.84      Elev.:  1227.35 

(NOTE  AH  catcuiated  data  should  be  tabulated  as  shown  in  Table  2. 
Field  note  entries  will  vary  trom  surveyor  to  surveyor,  but  any  conven- 
ient method  Is  acceptable.) 
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Procedure  for  Setting  Profile  Line  and  Grade  Stakes 


Blip  sr.  GROS.  FOR  1 

M.  CURB 

T 

H  i 

Rail 

an 

54.  IS 

5  a  7© 

48.12 

2  MS 

T|  1 1 1  1  1  1  1 I  I  ri 1 1 1 1 1 1 


o#i>A  Pin%  Sf#,  ^X"  ;^  C%»i-to 


ffl 


.5T.54  HI 


50.7« 


IS 


I  U.  1 


4.5 


Typical  Cut  and  Fill  Stakes 


3.0  ft  ots 


Cut  0.25 


Stake 


Existing  Ditch 
(to  bB  fiiied  in) 


\ 


=3 

o 


propose 


Cut  Cross  Section 


Fill  Cross  Section 


Typical  Building  Layout 


Plan  of  Survey  of 
Block  1  Lots  10  to  13  Bob's  Addition  1st  Section 
to  City  of  Chamkyers,  Payne  Co. 


-4 

CO 


50.09' 


4— « 


CONC  FDN 


IS 
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s 
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to 


10 


CM 
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50.0' 


42;: 


Rogers  Lane 


50.09' 


CONC  FDN 


CO 


s 


11 


CO 

to 


50.0' 


CO 
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1^ 


50.09' 


CO 

tn 

CM 


CONC  FDN 


10 


12 


CD 


50.0' 


CO 


00 
CM 


O 


o 


C7> 

o 

CM 


50.09* 

CONG  FDN 

CM 

CO 

13 


5 


50.0' 


Typical  Roadway  Sections 


Transition  (Mixed)  Section 


Slope  Stake  Locations 


O.G. 


Limits  of  Stripping 


O 


Finish  Grade 


Slope ^take 


Fill  Section 


o 

cc 


Slope  Stake 


Finish  Grade 


Cut  Section 
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CONSTRUCTION  SURVEYING 
UNIT  IX 

ASSIGNMENT  SHEET  #1  —  CALCULATE  A  SIMPLE  HORIZONTAL  CURVE 


PARTI 

Directions:  Appiy  each  formula  below  to  obtain  each  of  the  items  listed.  Record  your  answers 
In  the  blanks  provided. 

RL  STA 
16+94.50  I 


RC.  STA 


RT  STA 


Direction  of  Stations 


Given:    Rl.  sta.:  16  +  94.50 
"A"  angle:  43*^4' 20' 


A. 

B. 

C. 

D. 

E. 

F; 

G. 

H. 

I. 

J. 


Radius:  550.00 


FIND 


RC.  sta.  - 
RT  sta.  =  . 


1st  def.  angle  =  _ 
25"  def,  angle  =  , 
Last  def.  angle  = 


Chord  length  of  25'  arc  = 
Long  chord  =  ,  


—  FORMULA  ~ 
Step  No.  1  —        angle  2) 
Stop  No.  2  —  {R  •  tan  . '  ./2) 
Step  No.  3  —  {.  N/seO*  ■  (vr  ■  D) 
Step  No.  4  —  (Rl.  sta.  -  "T") 
Step  No.  5  •-  (RC.  sta.  +  "L') 
Step  No.  6  —  (L  of  Arc/R  x  1718.87) 
Step  No.  7  —  (Arc    25/R  x  1718.87) 
Step  No.  8  —  IL  of  Arc/R  x  1718.87) 
Step  No.  9  -  •  (Sin  of  25'  def  x  dia.) 
Step  No.  10  —  (Sin  .  ' J2  x  dia.) 
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STA. 


S.C. 


L.C.    :   DEFLgCTlON  ANGLE 


i 

± 


CURVE  DATA. 

R  =r 

T 

L  ^ 
L.C.  ^ 
D«  ^ 
RC.  X 
Rl. 

RT  = 


o 
a 


0 


a 

o 
o 

— t 

3 

cr 
tp_ 

6' 


g 

CD 
O 

O 

O 
£i 
o 

£- 

<^ 
n> 

d> 

O 

:t 
a. 

CD 

ST 
o 

o 

CD 
O 
CO 

o 
O 

\» 

g. 

rr 
o 

r 

O 

— ^ 


o 
ro 

o 
c 

2 
o 


3J 


> 
CO 

Q 
m 


CO 
X 
m 
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CONSTRUCTION  SURVEYING 
UNIT  IX 


ASSIGNMENT  SHEET  #2  -  CALCULATE  A  SIMPLE  VERTICAL  CURVE 


Direction:  Complete  ail  of  the  required  computations  prior  to  computing  curve  elevations. 
Record  your  answers  in  the  blanks  provided 

-~  Known  curve  data  — 

Sta.  0  +  00:  Elevation  1446.20 

Sta.  12  +  50:  Elevation  1421.20  (RV.J.  station) 

Sta  20  +  00:  Elevation  1428.70 

Curve  length:  200.0  feet 

Stage  length:  25.0  feet 

A.      Compute:    G,  „^    


PARTI 


NOTE:  Formula 


Vertical  difference 


=  %  slope 


Horizontal  distance 


Compute  station  and  elevation  of  RV.C.  and  PVT. 


RV.C.  sta. 


 elev,  „, . 


RV.T.  sta.  _ 


elev. 


C. 


Compute  "H": 


D. 


NOTE:  Formula 


<Stage  length/Curve  length)-  x  "H 
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PART  M 


Directions:  Con>piete  the  folio vvifuj  curve  data: 


 r 


station 


P.V.C.  Sta, 


X 


-I-  


RV.I,  Sta 




 f^^ 


PVT.  Sta. 


r 


c  - 


"T  


I- 
I  


Tung.  Eiev 


Curw  tlcv. 


f 

■  f  


-J-. 


-  4 


E.      Compute  iow  point 

1.     Station  .  

NOTE;    Find  "A"  A  =  Dist.  frorri  RV.C. 

A  =  G  X  (UG  -G  ^ 
RV.C,  +  A  =  flatten  of  iow  pt 

?.     Elovation  of  low  p!.:       

NOTE:    Find  "C":  'V,)  x  H, 

Then  find  tangent  r^iovalion;  sG  x  A)  +  RV.C  elevation 
Then  find  curvo  cievahon;  Tangent  elevation  +  "C" 


CONSTRUCTION  SURVEYJNG 
UNIT  IX 


ANSWERS  TO  ASSIGNMENT  SHEETS 


Assignment  Sheet  #l 
PART  I 


A. 
B. 
C. 
D. 
E. 


21  "42' 10" 
213.902* 
416-663' 
14  +  75.60 
18  +  92.26 


f. 

G. 

H. 


I^IG'IS" 

0'»53'57" 
24.999 
406.771 ' 


PART  II 


13  iM. 

DEFLECTION  ANGLE 

14  +  75.C 

15  +  00 

24.40 

24.40^ 

1" 

16' 

16" 

+  25 

25.0 

49.39 

2** 

34' 

24" 

+  60 

25.0 

74.35 

3' 

52' 

31" 

+  75 

25^0  _ 

99.27_ 

5° 

10' 

16  +  00 

25.0 

124.14 

6" 

28' 

_47" 

+  25 

25.0 

148.94 

7" 

46' 

_55'' 

_  +  50 

25,0 

173.67 

9" 

5' _ 

3" 

+  75 

25-0 

198.31 

10* 

23' 

1^1" 

17  +  00 

25.0 

222.85 

11° 

41' 

18" 

+  25 

25.0 

247.27 

12° 

59' 

_26" 

+  50 

25.0 

271.57 

14«' 

17' 

34" 

;^7_5 

25.0 

295.72 

15* 

35' 

_42" 

18  +  00 

25.0 

319.72 

16" 

53' 

50" 

+  25 

25.0 

343.56 

18* 

11' 

58" 

+_5q 

25.0 

367.22 

30' 

f  75 

25.0  _ 

_390.6« 

_48'  _ 

13" 

+  92.26 

17.26 

406,77 

21" 

_J2'____ 

10" 
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Assignment  Sheei  #2 
PART  I 

A  ■  v  V2m 


i4C2.:'(i 


C  3' 
D  .0.109 
PART  n 


■T-- 


Station 

P.V.C,  sta. 
11+  7f» 
1?  +  00 
12  +  25 

nv.i.  sta  _  j 

12  +  75  ! 

13  +  00 
13  +  25 

FVT  r,!a. 


., -..,-:-ri: 

0 

1 

2 
3 

4 


5 


6 
7 
8 


r  ■-  ■!■ 


X 

0_ 

1 

4 
9 
1C 


36 
49 
64 


C-^  -f  .0469 
0 

.05 
.19 
.42 
.75 
!.17 
1.69 
2  30 
.3.0 


^  Tang.  Elcv.       Curvt^  L"icv. 
i  1423.20 
I  1422.70 


1423.20 


1422.20 


I  '.421.20 

■ '  \  

i  1420.70 

•  f  •     -  -  •■ 

1420.20 


1419.70 
1419.20 


1422.76 
1422.39 
1422.22 
1421.96_ 
1421.87 
1421.89 
1422.00 
1422.20 


E 


1.      12  4-  B;133 


2  142187 
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CONSTRUCTION  SURVEYING 
UNIT  IX 


JOB  SHEET  #1  -  STAKE  A  HORIZONTAL  CURVE 

Tools  and  equipment 


1. 

Transit  or  theodolite 

2. 

Tripod 

3. 

Chain 

4. 

Chaining  pins 

5. 

Wood  s.vkes 

6. 

Range  pole 

7. 

Hammer 

8. 

Field  book  and  pencil 

Procedure 

(NOTE:  Use  the  data  obtained  in  Assignment  Sheet  #1.  Part  II.) 

PART  \:   Layout  the  tangent  lines  using  the  given  delta  angle  of  43'*24'20''  and  an 
assumed  point  called:  Rl,  station  16+  94.50. 

1.  Locate  a  stake  in  the  middle  of  an  open  area,  approximately  500  ft.  by  500  ft. 
(called  Rl.  sta.  16  +  94.50). 

2.  Set  the  transit  or  theodolite  up  over  the  Rl. 

a.  Level  up  the  instrument. 

b.  Zero  up  the  vernier  or  horizontal  circle. 

3.  Rod  person  should  set  a  stake  near  a  far  corner  of  the  work  area.  Refer  to  this  as 
the  "Back  Tangent  Line"  (decreasing  stations). 

4.  Instrument  person  should  sight  thifi  point  vifith  the  transit  scope  Inverted  and 
lock  the  Instrument  on  line. 

5.  The  rod  person  and  another  chain  person  should  then  tape  the  "T"  distance  (that 
was  calculated  on  Assignment  Sheet  #1.  Part  I)  from  the  Rl.  awa>  jm  and  along 
the  back  tangent  line  using  the  instrument  person  for  alignment. 


JOB  SHEET  #1 


0.  Upon  reaching  the  appropriate  distance,  a  stake  should  be  placed  in  the  ground. 
Refer  to  this  as  the  PC.  station, 

7.  The  telescope  should  then  be  plumbed  or  reinverted  and  the  delta  angle  of 
43*24' 20*  turned  (preferably  right  or  clockwise  in  this  example), 

8.  The  tape  person  and  rod  person  should  then  proceed  along  this  line  taping  the 
"T'  distance  again  and  placing  another  stake  at  this  distance.  Refer  to  this  as 
the  RT  station. 

(NOTE:  Upon  finishing  this  sequence,  all  of  the  three  horizontal  curve  points  have 
been  accurately  set:  the  RC.  station,  Rl.  station,  and  RT  station.) 

PART  II  —  Stake  each  horizontal  25'  station  along  the  curve  line. 

1.  Relocate  the  transit  or  theodolite  at  the  RC.  station. 

a.  Level  up  the  instrument. 

b.  Zero  up  the  vernier  or  circle. 

2.  With  the  upper  motion  locked  at  0*00'  00"  sight  the  Rl.  station  and  lock  the  lower 
motion. 

3.  Referring  to  Assignment  Sheet  #1,  Part  II,  begin  by  laying  out  the  first  station  on 
the  cujve:  Sta.  15+00. 

a.  Set  the  vernier  to  the  deflection  angle  of  Sta.  15+00  (as  noted  in  the  field 
notes  In  Part  II)  by  loosening  the  upper  motion  of  the  instrument  and  slow- 
ing rotating  the  Instrument  clockwise, 

b.  Lock  the  upper  motion  and  sight  through  the  telescope  to  give  the  tape 
person  alignment. 

c.  Measuring  from  the  RC.  station  to  the  first  station  (15+00)  on  the  curve, 
layout  the  short  chord  distance  (as  Indicated  on  the  field  note  form  in 
Assignment  Sheet  #1.  Part  H),  and  set  a  stake  at  this  point  (Sta.  16+00). 

(NOTE:  Make  sure  to  set  the  point  on  line  with  the  transit.) 

4.  Locate  i  <f  i.  on  the  curve  (15+25). 

a.  Locsen  the  upper  motion  of  the  instrument, 

b.  Turn  clockwise  to  the  next  deflection  angle  for  Sta.  15+25. 

c.  Lock  upper  motion  and  give  line  for  taping  procedure. 


JOB  SHEET  #1 

d.      Tape  the  short  chord  distance  for  a  25'  deflection  angle,  measuring  from 
the  previously  set  Sta.  15+00  to  the  desired  point  (Sta.  15+2^.  (Figure  1) 

(NOTE:  Verify  alignment  prior  to  setting  stake,  then  check  distance  again.) 

FIGURE  1 


^  Toward  P.l.  Station 


RC.  STA  14+75.60 

5.  Locate  each  point  on  the  curve  by  repeating  step  4  and  setting  the  correct  deflec- 
tion angle  into  the  instrument  for  the  appropriate  station. 

6.  The  short  chord  distance  remains  the  same  for  each  station  until  reaching  the 
RT  station.  (Figure  2) 

FIGURE  2 
STA  18+25  STA  18+50 




Same 


'Short  chord  for  last  deflection 

7,    After  reading  the  RT.  sta.,  a  check  can  be  made: 

a.  The  angle  In  the  instrument  should  be  equal  to  'fo  of  Delta  or  A. 

b.  The  distance  from  RC.  sta.  to  RT.  sta.  (straight  line)  can  be  measured  and 
should  equal  distance  LC. 
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8.  Have  instructor  verify  the  completed  work. 

9.  Pick  up  all  equipment  and  store  in  assigned  areas. 
10.     Remove  aH  existing  stakes. 
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JOB  SHEET  #2  —  STAKE  A  CENTERLWE  PROFILE 
WITH  A  VERTICAL  CURVE 


A.  Tools  and  equipment 

1.  Transit/theodolite 

2.  Tripod 

3.  Wooden  stakes  and  hammer 

4.  Chain  or  tape  and  chaining  pins 

5.  Range  poles 

6.  Level 

7.  Level  rod 

8.  Field  book  and  pencil 

9.  Calculator 

B.  Procedure 

PART  I  —  Establish  a  baseline 

1.  Within  a  narrow  strip  of  land  (100'  x  510')  set  up  a  transit  over  a  point  at  one  end 
of  the  site.  Refer  to  as  Sta.  0+00. 

2.  Sight  along  an  arbitrary  line  and  lock  motions  of  the  transit  to  layout  a  baseline. 

3.  Begin  setting  25'  stations  from  0-fOO  using  the  instrument  for  alignment  and 
placing  stakes  at  each  25'  interval  for  approximately  4(X)  ft. 

PART  li  —  Establish  existing  centerline  profile  elevations 

(  ^OTE:  Instructor  should  provide  an  assumed  bench  mark  elevation  for  the  following 
procedure.) 

1.  Set  up  level  near  approx.  Sta.  2+00,  and  establish  an  HI. 

(NOTE:  A  bench  circuit  may  need  to  be  run  into  the  site  depending  on  the  loca- 
tion of  the  bench  mark  given.) 

2.  Read  foresights  and  record  in  field  book  all  rod  shots  along  the  baseline  stakes 
(shooting  the  ground  next  to  the  stake  at  this  time,  and  recording  as  shown): 
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FIGURE  1 


B.S. 

H.I. 

F.S. 

RS. 

ELEV. 

BM 

X 

HJ. 

0+00 

R.S. 

+25 

R.S. 

+50 

R.S. 

+75 

R.S. 

1+00 

R.S. 

+25 

R.S. 

3.  Compute  existing  ground  elevations  at  each  station  and  record  in  the  field  book. 

4.  After  all  points  have  t>een  calculated,  check  back  into  the  bench  mark. 

(NOTE:  Prior  to  Part  III,  show  your  Instructor  the  field  notes  for  existing  ground 
shots.  Vbur  Instructor  will  give  you  the  required  information  to  compute  the  verti- 
cal curve.) 

PART  HI  —  Compute  200'  vertical  curve. 

1.     Using  the  known  data:  (given  by  instructor; 

Sta.  0+00:  Elevation  (design) 

RV.l.  sta.  2+00:  Elevation  (design) 

Sta,  4+00:  Elevation  _____  (design) 
Curve  length:  200.00  ft. 
Stage  length:  26.00  ft. 


-  Elev. 
.  Elev. 


(NOTE:  Using  Assignment  Sheet  #2  calculate  the  above  information.  Set  up  a 
table  similar  to  Part  II,  Assignment  Sheet  #2  and  calculate  each  curve  elevation.) 

2.    After  completion,  have  instructor  verify  all  calculations  before  performing  Part  IV. 


4'  ' 


Compute:  G, 
G 


R^.C.  sta. 
RV.l  sta.: 

"H":  

"C":  
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PART  IV  —  Determine  stake  elevations  and  calculate  cuts  or  fills. 

1.  Set  up  level  near  approx.  Sta.  2+00. 

a.  Determine  H.I.  elevation. 

b.  Record  'n  field  book. 

2.  Read  and  record  each  rod  shot  or  (foresight)  taken  on  top  of  each  26  station  start- 
ing at  Sta.  0+(K>  and  progressing  to  Sta.  4+00. 

FIGURE  2 


STA. 

H.l. 

RS. 

R.S. 

ELEV. 

Design  Elev. 

C/F 

BM 

X 

H.l. 

0+00 

R.S. 

+25 

R.S. 

+50 

R.S. 

+75 

R.S. 

1+00 

R.S. 

+  25 

R.S. 

3.  Check  back  into  the  bench  mark  and  calculate  each  stake  elevation  by  subtract- 
ing the  rod  shot  from  the  H.l.  Record  In  the  appropriate  column. 

4.  Use  the  following  formula  to  determine  each  cut  or  fill  for  every  station  begin- 
ning at  Sta.  0+00  and  ending  at  Station  4+00. 

Design  Elevation 
~  Stake  Elevation 
Cut  or  Fill 

5.  Record  this  information  In  the  far  right-hand  column  of  the  field  notes.  (See  Fig- 
ure 2) 

6.  Instructor  will  evaluate  work  performed. 

(NOTE:  Instructor  may  want  the  students  to  actually  mark  the  cut  or  till  on  each 
stake  although  It  Is  not  necessary  in  this  job  sheet.) 


CONSTRUCTION  SURVEYING 
UNIT  IX 


JOB  SHEET  #3  —  STAKE  A  SEWER  PROFILE 

WITH  OFFSET 


Tbols  and  equipment 

1.  Tape 

2.  Wooden  stakes  and  hammer 

3.  Level  rod 

4.  Tripod 

5.  Level  Instrument 

a    Reld  book  and  pencil 
Procedure 

(NOTE:  Use  the  baseline  previously  established  In  Job  Sheet  #2  as  an  assumed  center 
tine  of  a  proposed  sewer  line.) 

PARTI 

1.  Establish  a  20'  offset  line. 

a.  Measure  20'  right  from  existing  stake  at  Sta.  0+00. 

b.  Place  stake  in  ground  20'  right  at  ^  degrees  from  existing  baseline. 

c.  Repeat  this  operation  at  each  of  the  existing  stakes  through  Sta.  4+00. 

2.  Using  the  previous  bench  mark,  set  up  the  level  Instrument  and  establish  a  new 
H.I. 

3.  Read  and  record  each  rod  shot  (foresight)  at  every  25'  station  along  the  20'  offset 
line  (shooting  the  top  of  the  stake). 

4.  Reduce  field  notes  and  record  each  stake  elevation. 

5.  Have  instructor  evaluate. 
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PART  il  —  Determine  sewer  profile  elevations. 

1.  Instructor  should  determine  a  hypothetical  percent  of  slope  for  the  proposed 
sewer  line  and  an  invert  elevation  of  the  sewer  line  starting  at  Sta.  0+(X). 

Known:   Sewer  line  percent  of  slope:   % 

Invert  elevation  at  Sta.  Q^^^Xh 

2.  Using  the  known  data  calculate  each  proposed  sewer  elevation  for  every  25  foot 
station. 

Formula:   Station  x  %  V.D. 
then 

V.D.  +  Beginning  Elev.  =  Sewer  elevation  at  that  station 


Sta.  Elevation  Sta.  Elevation 

0+00    {given)  2+m   

+25    +25   

+50  .  +50   

+  75    +75   

1+00         „     ,    3+00   

+  25   +25  

+  50    +50  _____ 

+76         .   +75   

4+{K)   


3.     Instructor  should  verify  proposed  elevation  at  each  station  before  performing 
Part  III. 
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PART  III  —  Compute  cuts  to  sewer  profile. 
1.     Insert  known  data  in  the  following  table. 


Station 

Stake  Elev 

0+00 

+25 

+50 

+75 

1+00 

+25 

+50 

+  fD 

2  +  00 

+25 

+50 

+75 

3+00 

+25 

+50 

+  75 

4+00 

2.  Calculate  the  cut  at  each  stake  using  the  following  formula: 

Design  Elevation 
-  Stake  Elevation 

Cut  (to  sewer  profile) 

3.  Ftecord  this  Information  in  the  column  latmled  ..nts" 

4.  Instructor  may  or  may  not  request  that  you  actually  mark  the  stakes  with  the  cal- 
culated data. 
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NAME 


TEST 


Match  the  terms  on  the  right  with  the  correct  definitions. 

 a.      A  stake  set  by  a  surveyor  to  give  contractors 

a  known  elevation  to  base  their  construction 
on,  usually  noted  with  a  cut  or  a  fill 

 b.      The  decimal  form  of  a  percent  of  a  slope; 

indicates  the  steepness  of  a  sloped  surface 

The  process  of  laying  out  all  types  of  facili- 
ties on  proposed  engineered  sites  prior  to 
construction  by  giving  alignment  and  grade 
to  aid  the  contractor  during  Installation 

The  calculated  rod  reading  that  Is  def>  'ed  if 
the  rod  was  placed  on  design  grade 

The  inclination  of  a  surface  expressed  as 
one  unit  of  rise  or  fall  for  so  many  horizontaJ 
units 

A  vertical  curve  with  tangent  lengths  that 
are  the  same,  therefore  making  the  curve 
symmetrical 

Normally  referring  to  the  inside  bottom  of  a 
pipe  or  culvert 

h.  The  lowest  visible  surface;  the  bottom  or 
floor  of  a  manhole,  drain,  sewer,  channel, 
tunnel,  etc. 

State  the  purpose  of  construction  surveys. 


f. 


_g. 


1.  Construction  survey- 
ing 

2.  Equal  tangent  curve 

3.  Flow  line 

4.  Grade  stakes 

5.  Grade  rod  reading 

6.  Gradient 

7.  Invert  elevation 

8.  Slope  ratio 


Select  true  statements  concerning  the  responsibilities  of  a  construction  surveyor  by 
placing  an  "X"  next  to  the  true  statements. 

a.      Keeping  notes 

.  1)     Should  be  extensive  and  detailed  on  every  phase  of  construction. 

 2)     Are  seldom  used  when  developing  as-built  drawings, 

 3)    Are  used  to  document  field  changes. 

 4}     Cannot  be  used  in  court  as  documented  evidence. 
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TEST 

b.  Keeping  daily  logs  or  diaries 

 1)    Are  used  to  br-c  fly  describe  the  daily  progress, 

 2)     Are  often  used  for  partial  payment  of  work  completed. 

 3)     Are  used  to  record  ail  field  changes  or  change  orders. 

 4)    Are  used  for  final  quantities  and  as-built  drawings. 

c.  Communicating  at  the  construction  site 

Instructions  must  be  clear  to  all  contractors  about  staking  procedures,  offset  dis- 
tances, and  cut/fill  markings. 

2)    The  sun/eyor  s^hould  not  communicate  with  adjacent  owners  or  the  public  about 
the  construction  going  on. 

State  the  purposes  of  horizontal  and  vertical  control  points, 
a. 


5.    Complete  the  following  statements  concerning  laying  out  control  points  by  correctly 
tilling  in  the  blanks. 

a.  Should  be  far  enough  from  the  actual  construction  to  ensure  working  room  for 
the   „  and  freedom  from  possible  destruction. 

b.  Should  be  clearly  marked  and  understood  by  the  contractor  in  the  absence  of  a 


Should  be  supplemented  by  guard  stakes  to  deter 


d.      Should  be  "tied  off"  or  located  by  outside  the  actual  construc- 
tion area  so  that  replacement,  if  necessary,  can  be  performed  without  difficulty. 


<5  J 


TEST 


State  the  aue  ot  lorrnuki  h)i  computatiun  of  grades  afuj  slopes. 


Complete  the  ioWow'mg  stutenients  concerning  offset  stakes  by  circling  tfie  correct 
words. 

a.  Normally  located  (wHhin,  away  from)  actual  construction  area. 

b.  Offset  distance  may  vary  depending  on  (width,  depth)  of  excavation, 

c.  Usually  designated  with  a  cut  or  fill  from  (top,  bottom)  of  offset  stake, 

d.  Are  installeil  (parpendicular,  parallel)  to  construction  alignment. 

e.  Design  elevations  are  determined  at  tevery  other,  each)  offset  stake. 

f.  Actual  offset  stake  elevation.s  are  determined  by  (measuring,  ieveiing)  proce- 
dures. 

g.  Cuts  or  fiHs  are  calculated  by  the  foHowing  relationship: 

1)  (Offset  stake,  Dasign)  olevatton 

2)  (Offset  stake.  Design)  elevation  ^ 

h-      Calculations  are  checked  (after,  prior  to)  narking  stakes 


TEST 


pointMu;  to  tfn'  t'.ttuiiftr  iUui  an  *0"  next  {o  ttu^  otfstn  stakr, 


^ erection  of 


/ 


McUch  ih^'  tvi-H'^  i^'t  JstaKe  rnarkH^qs  on  the  right  with  \hm  dvbcnpliofu^ 


A/e  i^tHkes  bhcwifu^  the  vcrtici^l  dihtancr       1.  Cuts 

that  mtist  be  adckni  to  the  uctua!  elevation 

to  bring  it  to  the  proposed  des^qn  eievatiof)      2.  ^ilis 

Aw  coni^trtiction  stakos  that  utv  sot  to  th;'  Blue  lups 

act^jal  di^SHin  olt^vatjon     the  constuictton 


«  .  Aff*  stakt>s  showuK]  tht:  veitica!  dist^-jni^-^ 
that  m>:£-t  b**  UMn(?vod  front  thr  actt;a!  t/h;va 
Uor^  to  t>fina  it  lu  thi^  pfOposiKl  doMijn  ch^va- 


Ananpt  ut  /.ndt^f  the  lUi.pL^  In  U-iyUitj  out  a  buiUliiu;  Un  aV^n^  hv  uu)  the  cuffcct 
sr»^]u^^»(*♦  •  ?^ff^bt'rs  H        the  ap;^fOpria!(?  bUuV**:^ 


a.  thf  ^"iff^i't  KtakeH  pfMpf^nriK^ular  Uj  ^':M^t^  hialviu'Kj  ornpt  at  the  required 


.  V^^/ith  a  ievcM  <ie1erf7iine  tht)  f^levatiun  of  oach  otti*,r t  stala\  and  rntcrnncc:  the 

hair>n  ftoor  cr  top  of  fnundtitK.>n  waff  vv)th  <  jther  j  cijt  ; -r  ttli  {jistancc^  from 
thr:  top  of  each  stakr* 

.  c.       Locale  the  buUciinq  pentn-U.^r  oi:  th^^  profxnly  fciHowing  the  approved  lay- 
on  t  plan'* 

. ,  a!.       lay  tiu\  ai'iual  buildtnc?  nofn^n;  of>  tt>r  ^,ao  a*;,  a  viMia!  cneck  oj)  posKion 


TEST 


Complete  statements  concerning  slope  staking  by  correctly  fiHing  in  the  blanks. 

a.  Slope  stakes  are  set  to  guide  the  contractor  during  „ ,  . 

b.  Slope  stakes  are  normally  placed  at  the  intersection  of  the      „   and 

each  side  slope. 

c.  The  cut  or  fill  at  each  location  is  marked  on  tht^  . 

d.  Slope  staking  is  normally  used  for  the  construction  of  (list  two) 

1)  .    ^  

2)  .  _„  „^  

State  the  equations  used  in  locating  slope  stakes. 

a.      Depth  of  cut  or  height  of  till  =  .  


b.      Distance  from  centerline  where  the  stake  should  be  placed  W  = 


Distinguish  t>etween  the  types  of  horizontal  curves  by  placing  an  "X"  next  to  the  circu- 
lar curves  and  an  "O"  next  to  the  spiral  curves. 


a.  „   b    c. 


TEST 


klentify  the  riomonts  o*  a  simple  v.or\T\y^Uii  '  in  uinr  curve  by  matctiing  !he  abbrevia- 
tions of  tho  Clements  Ik'Avd  at  Ihu  right  wflh  \ne  corroc'  iijtters  shewing  their  locations 
on  the  schematic  Urawinu  bekmv 


/     .X  --^  An(.5!e  "i"  or  Dcila 


\ 


■  > 

d  i 


P!  --^  Point  of  intersoction 
PC:     Pomt  of  curvature 
PI  -  Pvmi  of  tiincic'tt 
T     Tani^i^nt  distance 
IC  -  Lon(i  chord 
L.  -  Ltifiylh  of  curve 
f  -  cxt^una!  tiistance 
M     Makile  ordinate 
POC  -  Ponn  on  c(,rve 


TEST 


Afrang«  in  order  the  steps  for  computing  and  laying  out  a  hort/onta)  cmvo  by  placing 
the  correct  sequence  numbers  (i-8)  in  the  appropriate  blanks. 

 a.      Measure  the  plus  station  of  the  PI 

 b.      Compute  "L" 

 n.      Compute  the  chord  lengths 

 -~d.      Compute  the  plus  stations 

 e.      Measure  /  angle  iDeWa  or  A) 

 __f.  Set  the  P! 


,g.  Compute  the  deflection  angles 
_h.      Compute  "T" 


Match  the  elements  of  a  simple  vertical  curve  listed  on  the  right  with  their  correct  loca- 
tions on  the  schematic  drawing  below  by  placing  the  corresponding  numbers  in  the 
appropriate  blanks. 

1.  PVC  =  Point  of  vertical  curva- 
 a.  ture 

2.  PVI  =  Point  of  vertical  intersec- 
„  -  .  b.  tion 

3.  PVT  s=  Point  of  vertical  tangent 
 c.                                                   4.  G,  -  Gradient  or  slope  of  back 

tangent 

 d.  5.  G.  =  Gradient  or  slope  of  fore 

tangent 

.-.   e.  6.  H  =  Vertical  distarjce  from  back 

tangent  extended  to  the 
-.-  -._{.  PVT 


Con:pijieti  Curve  Pomlf. 


TEST 


18.  Arrange  in  order  the  steps  tor  computing  a  vertical  curve  by  placing  the  correct 
sequence  numbers  {1-7)  m  the  appropriate  blanks. 

  a.  Compute  C 

. ,  b.  Compute  curve  elevation 

.  c  Compute  C  for  each  stage 

 d.  Find  PVC  and  PVT  stations  and  elevations 

 e.  Compute  H 

 f.  Compute  high  or  low  point 

.    .-^,g.  Compute  tangent  elevation 

{NOTE:  If  the  foiiowing  activities  have  not  been  accompHsher!  prior  to  the  test,  ask  your 
instructor  when  they  should  be  completed.) 

19.  Calculate  a  simple  horizontal  curve.  {Assignment  Sheet  #1) 

20.  Calculate  a  simple  vertical  curve.  (Assignment  Sheet  #2) 
21-     Demonstrate  the  ability  to: 

a.  Stake  a  horizontal  cun^e.  (Job  Sheet  #1) 

b.  Stake  a  centerline  profiile  with  a  vertical  curve.  Wob  Sheet  #2) 

c.  Stake  a  sewer  profile  with  offsets,  (Job  Sheet  #3) 
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CONSTRUCTION  SURVEYING 
UNIT  IX 

ANSWERS  TO  TEST 


1.  a.  4  e.  8 

b.  6  f.  2 

c.  1  g.  3 

d.  5  h.  7 

2.  To  provide  the  horizontal  and  vertical  layout  tor  every  key  component  of  a  construction 
project. 


3.  a.  1.3 
o  2.3.4 

1 

4.  a.      To  serve  as  a  good  framework  of  control  around  the  project  area 
b.      To  act  as  a  base  for  positioning  structures,  utilities,  roads,  etc. 

5.  a.  Contractor 

b.  Surveyor 

c.  Accidental  removal 

d.  Tie  points 

6.  a.      Determine  the  total  horizontal  distance  between  the  two  points  that  the  pro- 

posed grade  must  match. 

b.  Determine  the  total  vertical  difference  in  elevation  of  the  two  points  being 
matched. 

c.  Apply  the  following  formula  to  find  the  percent  {%)  of  slope; 
Vertical  difference 

Horizontal  distance  ^'^'^^ 

7.  a.      Away  from 
b.  Depth 

C.  Top 

d.  Parallel 

e.  Each 

f.  Leveling 

g.  1)  Design 

2)     Offset  stake 

h.  Prior  to 

8.  a.  X 
b.  O 

9.  a.  2 

b.  3 

c.  1 
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10. 

a. 

3 

b, 

4 

c. 

1 

d. 

2 

11. 

a. 

Tfansitfon  or  mixeci 

b. 

Fii! 

c. 

Cut 

12. 

a. 

Ckjnstruction 

b. 

Original  ground 

c. 

Slope  stake 

d. 

Any  two  of  the  following: 

1)  streets  or  highways 

2)  Drainage  ways  or  canals 

3)  Dikes  and  embankments 

4)  Bridge  approach  ways 

5)  Dams  or  reservoirs 

6)  Berms  along  structures 

13,     a.      Depth  of  cut  or  height  of  fill  =  Grade  rod  reading  -  ground  rod  reading 
Distance  from  centerline  where  the  stake  should  be  placed  {X)  ^ 
(Depth  of  cut  X  slope)  -f  V?  base  distance 


14. 

a. 

0 

b. 

X 

c. 

X 

d. 

0 

e. 

X 

t. 

0 

15. 

a. 

PC 

Q- 

L 

b. 

T 

h. 

M 

c. 

PI 

i. 

POC 

d. 

1 

j- 

PI 

c. 

POT 

k. 

LC 

f. 

E 

1. 

R 

15. 

a. 

2 

e. 

3 

b. 

5 

f. 

1 

c. 

8 

9. 

7 

d. 

6 

h. 

4 

17. 

a. 

1 

b. 

4 

c. 

2 

d. 

5 

e. 

6 

f. 

3 
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ANSWERS  TO  TEST 

18.     a.  3 

b.  6 

c.  4 

d.  1 

e.  2 

f.  7 
S.  5 

19.-20,     Evaluated  lo  the  satisfaction  of  the  instructor, 

21.     Pcflormance  skills  evaluated  to  the  satisfaction  of  the  instructor. 
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LEGAL  ASPECTS 
UNITX 


UNIT  OBJECTIVE 

After  completion  of  this  unit,  the  student  should  be  able  to  match  the  four  common  methods 
of  legal  land  descriptions  with  the  correct  descriptions,  properly  write  legal  land  descriptions, 
and  research  and  record  existing  property  records.  Competencies  will  be  demonstrated  by 
correctly  completing  assignment  sheets  and  by  scoring  85  percent  on  the  unit  test. 

SPECIFIC  OBJECTIVES 

After  completion  of  this  unit,  the  student  she       ■  able  to: 

1.  fi/latch  terms  related  to  legal  aspe^        ^  the  correct  definitions. 

2.  State  purposes  of  legal  land  surveys. 

3.  Complete  statements  concerning  the  two  principles  affecting  laws  on  boundary 
positions. 

4.  Distinguish  between  the  two  types  of  laws  regulating  land  surveying. 

5.  List  methods  of  transfeiring  property  titles. 

6.  Select  true  statements  concerning  properly  prepared  deeds. 

7.  List  types  of  Information  contained  In  land  descriptions. 

8.  Match  legal  terms  affecting  property  possession  with  the  correct  descriptions. 

9.  Match  types  of  boundary  evidence  with  the  correct  descriptions. 
10.    Select  true  statements  concerning  riparian  rights. 
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11.  Distinguish  between  terms  related  to  riparian  rights  and  changes  in  water  t)Ounda- 

12.  Complete  statements  concerning  deed  descriptions. 

13.  Match  methods  of  legal  land  decriptions  with  the  correct  characteristics. 

14.  Write  a  metes  and  bounds  description.  (Assignment  Sheet  #1) 

15.  Plot  or  layout  a  legal  land  description.  (Assignment  Sheet  #2) 

16.  Write  a  lot  and  block  description.  (Assignment  Sheet  #3) 

17.  Research  and  record  existing  property  records.  (Assignment  Sheet  #4) 
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LEGAL  ASPECTS 
UNIT  X 

SUGGESTED  ACTIVITIES 

A.  Obtain  addition    niatcrials  and/or  invite  fesource  people  to  class  to  suppiement/rein^ 
force  informa- vn  provided     this  unit  of  instruction. 

(NOTE:  This  activity  should  be  completed  prior  to  the  teaching  of  this  unit  J 

B.  Make  transparencies  from  the  transparency  masters  included  v^ith  this  unit. 

C.  Provide  students  with  objective  sheet, 

D.  Discuss  unit  and  specific  objectives. 

E.  Provide  students  with  Intormation  and  assignment  sheets. 

F.  Discuss  information  and  assignment  sheets. 

(NOTE:  Use  the  transparencies  to  enhance  the  information  as  nwded.) 

G.  Integrate  the  following  activities  throu^hrn*  the  teaching  of  this  unit: 

1.  Have  a  legal  Sand  surveyor  visit  the  class  and  discuss  procedures  used  to  file  a 
platted  document. 

2.  Visit  your  local  registrar  of  deeds  office  and  follow  the  procedure  used  to  research 
a  parcel  of  land. 

3.  Visit  a  land  title  agency  and  examine  their  methods  of  filing  registered  plats, 

4.  Visit  a  possible  legal  land  dispute  case  in  court. 

5.  Discuss  surveying  problems  in  court. 

6.  Prepare  court  documents. 

7.  Meet  individually  with  students  to  evaluate  their  progress  through  this  unit  of 
instruction,  and  indicate  to  them  possible  areas  tor  improvement, 

H.  Give  test. 

I       Evaluate  test. 

J.      Reteach  if  necessary. 
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INSTRUCTIONAL  MATERIALS  INCLUDED  IN  THIS  UNIT 

A.      Ot)j<>ct!vc  sheet 
D.      Information  sheet 

1  TM  1   -  U.S.  Put^lic  UmU  Survey  Systein 

2.  TM  2  -  Sample  Subdivision  of  a  Section 

3.  TM  3     Lot  and  Block  Description 

4.  TM  4  —  Typical  Meto^  and  Bounds  Description 

D.  Assignment  sheet  .; 

Assignment  Sheet  #1      Write  a  Metes  and  Bounds  Description 

2.  Assignment  Sheet  #2  —  Plot  or  Layout  a  Legal  Land  Description 

3.  Assignment  Sheet  #3  —  Write  a  Lot  and  Block  Description 

4.  Assignment  Sheet  #4  —  Research  a  .d  Record  Existing  Property  Records 

E.  Answers  to  Assignment 

F.  iest 

G.  Answers  to  test 

REFERENCES  USED  IN  WRITING  THIS  UNIT 

A.  Davis.  R.E.,  F.S.  Foote.  and  J.H.  Kelly.  Surveying,  5th  ed.  New  York:  McGraw-Hill,  1976. 

B.  KIssam.  Phillip.  Surveying  for  Civil  fngincers.  New  York:  McGraw-Hill,  1976. 

C.  Kavanagh.  Barry  and  S.  J.  Glenn  Bird.  Surveying:  Principles  and  Applications.  Reston. 
VA:  Reston  Publishing  Co..  Inc..  19Si. 

D.  Brtnker.  R.C..  and  P.R.  Wolf.  Elementary  Surveying,  7th  ed.  New  York.  NY:  Harper  and 
Row,  1984. 
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Hv^Hcj.  John  S.  Fundamentals  of  Lund  Mvasurement.  Chicago,  iL:  Chicago  Title  Insur- 
ance Company.  1971. 

Glossaries  of  BLM  Surveying  and  Mapping  forms.  2nd  ed,  Bureau  of  Land  Manago- 
nient/U.S.  Department  of  the  Interior.  1980. 

Dpttntuons  of  Surveying  and  Associated  Terms.  American  Congress  on  Surveying  and 
Mapping  and  the  American  Society  of  Civil  Engineers.  1978. 
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Terms  and  definitions 

A.  Aliquot  —  A  fractional  part 

B.  Boundary  —  A  surveyed  line  that  Indicates  fixed  ownership  between  prop- 
erties; a  separating  line 

C.  Bearing  —  The  direction  of  a  straight  line  in  respect  to  a  compass,  mag- 
netic or  true  north 

(NOTE:  Sometimes  a  bearing  may  be  in  respect  to  another  random  line.) 

D.  Corner  —  The  point  in  which  converging  lines  meet;  the  ^  arsection  of  two 
boundary  or  property  lines  usually  marked  with  a  stone,  tron  bar.  pipe,  or 
brass  disc  or  plug 

E.  Condemnation  ~  The  act  of  judicially  or  legally  condemning  ownership  of 
a  parcel  of  land;  to  acquire  ownership  or  public  use  by  eminent  domain 

F.  Conveyance  —  The  method  of  transferring  ownership  of  property  to 
another  party 

G.  Deed  —  A  signed  and  sealed  document  containing  legal  language  that 
transfers  ownership  of  property  to  another  party 

H.  High  water  mark  —  A  determined  land  maf1<ing  that  is  used  sometimes  for 
ownership  boundaries,  often  determined  by  vegetation  or  alkaline  marks 

I.  Monument  —  An  identifying  marker,  normally  stone,  that  indicates  owner- 
ship; generally  used  to  mark  a  corner 

J.  Quit  claim  deed  —  A  deed  used  to  release  one  personls  right,  title,  or  inter- 
est to  another  without  providing  a  guarantee  or  warranty  of  title 

K.  Senior  deed  —  The  deed  for  the  first  parcel  to  l>e  sold  off  from  a  tract  of 
land 

L  Wan-anty  deed  —  A  deed  authorizing  that  the  grantor  has  a  good  title  free 
and  clear  of  any  liens  and  encumbrances  and  will  defend  the  grantee 
against  any  claims 

Puipofws  of  legal  land  surveys 

A.     To  subdivide  public  lands  into  townships,  sections,  and  lots 
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B.  To  attain  the  necessary  information  for  writing  a  legal  description 

C.  To  determine  the  exact  area  of  a  particular  tract  of  land 

D.  To  reestabiish  the  boundaries  of  a  parcel  of  land  that  has  been  previously 
surveyed  and  legally  described 

E.  To  subdivide  a  parcel  of  land  into  two  or  more  smaller  units 

F.  To  establish  the  exact  position  of  features  such  as  buildings  on  a  parcel 
with  respect  to  the  boundaries 

HI.     Princfples  affecting  faws  on  boundary  positions 

A.  Intent 

1.  The  position  of  boundaries  is  determined  by  the  "intent"  of  the  par- 
ties that  establish  the  new  boundary. 

2.  Their  Intent  is  judged  by  the  evidence  of  their  acts,  their  written 
instalments,  and  the  circumstances  involved. 

B.  Acceptance  of  present  conditions 

1.  With  the  passage  of  time,  evidence  of  the  parties'  intent  t>ecome5 
more  difficult  to  secure.  Therefore,  rules  have  been  developed  to 
eliminate  old  evidence  in  favor  of  "present  conditions." 

2.  The  longer  the  period  of  acceptance  of  these  conditions,  the 
stronger  the  evidence  becomes. 

IV-     Types  of  laws  regulating  land  surveying 

A.  Common  law 

1.  Is  the  greater  proportion  of  law  relating  to  land  ownership 

2.  Is  the  body  of  rules  and  principles  that  have  been  accepted  by  contin- 
ual usage 

(NOTE:  The  written  decisions  in  court  down  through  the  years  have 
become  clear  and  definite.) 

B.  Statutory  law 

1.  Is  composed  of  the  body  of  1^  v  enacted  by  governing  bodies,  such 
as  city,  county,  or  state  ordinances. 

2,  Many  of  these  relate  to  land  and  acceptance  of  boundary  locations. 
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Methods  of  transferring  property  titles 


Deeds 

1. 

Grant 

2. 

Quit  claim 

3. 

Agreement 

4. 

Warranty 

5. 

Senior 

B.  Inheritance  through  a  will 

C.  Inheritance  without  a  will 

D.  Adverse  possession 
Vl.     Property  prepared  deeds 

A.  Will  contain  some  sort  of  description  of  the  boundaries  of  the  land  con- 
veyed. 

B.  Must  t>e  tied  directly  or  indirectly  to  physical  marks  on  the  ground  or  monu- 
ments and  surrounding  properties. 

C.  Is  usually  recorded  in  a  county  court  house  (register  of  deed)  where  it  is 
open  to  public  inspection. 

Vil.     information  containi^  In  land  descriptions 

A.  Point  Of  Beginning  (P.O.B.)  —  MvBt  be  permanent,  identifiable,  and  well-ref- 
erenced; may  be  one  of  the  property  corners 

B.  Point  of  Commencement  (RO.C.)  —  A  well-referenced  point  at  which  the 
description  of  a  property  t>egins;  usually  leads  to  the  point  of  beginning  or 
first  property  corner 

C.  Lengths  and  directions  of  the  property  sides  —  Dimensions  of  all  sides  of 
property  and  all  directions  of  property  sides  listed  by  angles,  true  bearings, 
or  azimuths 

(NOTE:  Dimensions  of  property  sides  are  usually  listed  in  feet  and  decimals 
of  a  foot,  although  older  deeds  or  property  descriptions  may  be  listed  In 
rods  or  chains  rather  than  feet.) 

D.  Names  of  adjoining  property  owners  —  Helpful  to  show  the  "intent"  of  the 
deed  in  case  an  error  occurs  leaving  a  gap  or  creating  an  overlap  of  prop- 
erty 

E.  Area  of  the  parcel  described  —  Normally  listed  in  acres  or  sq.  feet;  aids  in 
assessing  the  valuation  of  the  property  conveyed 
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V*H,     Legal  terms  affecting  property  possession  and  their  descriptions 

A.      Encumbrance  ~  A  claim  against  a  property 

B-      Easement  —  Right  to  use  the  land  of  another  for  a  specific  purpose 

(NOTE:  Easements  can  be  created  by  the  owner,  the  public,  or  by  the  state. 
The  owner  can  create  an  easement  by  deed  or  dedication.  The  public  can 
:icquire  an  easement  by  being  allowed  to  use  the  land  for  a  statutory  period 
of  time,  known  as  the  right  by  prescription.  The  state  has  the  right  of  emi- 
nent don  ain  over  private  property.) 

C.  Right-of-way  —  Right  to  pass  across  another^  land 

D.  Eminent  domain  —  Right  of  a  government  to  take  private  property  for  pub- 
lic use  provided  the  owner  receives  just  compensation 

E.  Adverse  possession  —  When  land  is  used  by  a  person  other  than  t owner 
for  an  extended  period  of  tinie,  the  land  may  be  claimed  by  the  user  from 
the  title  owner.  Strict  rules  apply  as  follows: 

1.  User  must  have  color  of  title  —  A  legal  claim  or  the  appearance  that 
shows  the  belief  that  the  user  nas  acquired  title. 

2.  User  must  be  in  actual,  open,  notorious,  and  exclusive  possession. 

Examples:   Cultivating  fields,  building  a  house,  renting  the  property 
to  a  tenant,  preventing  others  from  using  the  property 

(NOTE:  Actions  of  this  type  help  to  prove  user  belief  in  ownership  of 
title.) 

3.  User  must  be  In  continuous  possession  for  a  statuto'  period  »f 
years  (commonly  20  years). 

4.  Possession  is  hostile,  without  owner's  conser^t. 

R       Encroachment  —  Gradually  taking  possesr       *  iinother's  land 

Examples:    Improper  positioning  of  a  feni  sliding  i  t  fu  *  . 

1.  The  owner  can  remove  the  encroachment  up  iu  ooundary,  and 
collect  the  cost  of  removal  from  the  encroaches 

2.  Once  In  position  for  a  statutory  period  of  *lme,  the  encroacher  can 
claim  the  land  by  adverse  possession. 

3.  Owner  must  notify  the  encroacher  at  once.  Failure  to  do  so  bars  the 
owner  from  claiming  title  of  the  land  btlng  occupied.  The  legal  bar  is 
called  an  estoppeL 
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Types  of  boundary  evidence 

A.  Acquiescence  (practical  location^  •  VJUei)  Um^-  per^f^on.s  ^^-a^^vj^;;  adjoining 
land  use  the  land  up  to  a  cnrtain  lino  tor  n  rea-^r^n.ihip  j^ivru  vf  stiow  by 
their  actions  that  they  accept  it  as  tno  bou:Ki;^?v 

B.  Agreement  —  When  two  adjoinifU}  !arxj  ovvrM-^s  av;ri?e  ^^pcn  /v^orv^  n  hrHinn 
ary  is  iocated  and  either  record  the  at^rcvnieni  in  vt^.tten  for??)  v(  t>huw  l;y 
their  actions  where  the  line  is  located 

Records  of  boundary  position  {written  ovk1t>nce)  -  I  ^c  poe^itiun  ol  bc^unda 
ries  is  found  in  the  land  descri'ptk?n  in  cno  of  these  torais 


1, 

Deeds 

2. 

Wilis 

3. 

Dedications 

4. 

Condemnation  proceedings 

5. 

Agreements 

D.      Visual  evidence  —  Marks  on  the  ground  which  uiont^fy  boundaues 

Examples:    Structures,  fences,  or  survov,  :f  s  londniarkt:^,  such  as  menu 
ments,  irons,  or  stakes 

Riparian  rights 

A.  Refer  to  those  fights  of  a  property  imnrj  «  )!  \iUvA  ihat  norderf     a  Ixuiy 
water. 

B.  Difficulties  in  surveying  thesf?  typ^-s  of  pfOf^^^Jhtn;  ?nc!iiUt; 

1.  The  boundaries  a^'o  irregular  in  shnpo. 

2.  The  boundaries  are  subject  to  chanyos  tra:u^img  wuh  changes 
water-levels. 

3.  The  ownership  may  exienci  to  a  high  watp?  mark,  iow  water  muiK,  or 
to  the  center  of  a  stream  or  river. 

4.  Certain  survey  systems  include  a  strip  of  land  (usuaffy  1  chain  wide) 
parallef  to  the  shoreline  or  high  water  mark,  termed  *>hort  iine  road 
aHow^^  ces." 
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Changes  in  positions  of  water  bodies  pfay  a  direct  role  in  location  of  bound- 
aries. (Figure  1) 

FIGURE  1 


B 

C 

E 

F 

River 


B 


River 


1850        ^  '    1980  ^ 

Original  Condition       After  Erosion      After  Accretion 


XL     Terms  related  to  riparian  riehts  and  changes  In  water  boundaries 

A.  Avulsion  (or  revulsion)  —  The  sudden  change  In  the  position  of  a  body  of 
water  usually  due  to  heavy  storms  or  flooding. 

(NOTE:  The  state  presumably  loses  title  to  the  part  of  the  "bed"  no  longer 
occupied  by  the  water.  The  riparian  owner,  it  nnay  be  argued,  advances  to 
the  water  over  unclaimed  land.) 

B.  Alluvium  (accretion)  —  The  increase  of  land  by  the  gradual  addition  of  mat- 
ter (clay,  sand,  silt)  that  then  belongs  to  the  owner  of  the  land  to  which  it  Is 
added 

C.  Erosion  ~  The  gradual  wearing  away  of  the  land  by  the  forces  of  water  and 
wind 

XII.     Deed  descriptions 

A.  Include  the  direction  and  distances  of  all  lines  along  the  property  bounda- 
ries of  the  parcel  of  land. 

B.  Are  usually  in  written  form,  rather  than  a  survey  plan,  but  a  drawing  Is 
sometimes  included. 

0.  Property  Is  described  as  starting  or  commencing  from  a  point  of  beginning 
and  continues  either  clockwise  or  counterclockwise  around  the  property, 
returning  to  the  point  of  beginning. 
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D,  Bearings  of  lines  may  be  assumed,  magnetic,  or  true,  the  last  t)elng  prefera- 
ble. 

E.  Property  descriptions  are  commonly  written  by  sunreyors  (sometimes  by 
lawyers). 

XIII.     Methods  of  legal  land  descriptions  and  their  characteristtes 

(NOTE:  These  methods  will  be  discussed  in  more  detail  In  Units  Xi  and  XII.) 

A.      Public  land  survey  system  (Transparencies  1  and  2) 

1.    Inaugurated  by  the  (Continental  Congress  on  May  20, 1785,  for  the 
survey  of  the  public  lands  of  the  United  States. 

Z    Usually,  and  In  all  cases  where  practical,  its  jnits  are  In  rectangular 
form. 

3,    A  helpful  tip  in  reading  a  legal  description  of  a  section  to  locate  a 
tract  a  land  Is  to  read  it  backwards. 

Example  VTitten:   N  Vz,  NW  Va,  SW  'U,  SEC  6,  T  55  N,  R  69  W 


Reads:    R  69  W,  T  55  N,  SEC  6,  SW  Va.  NW  Va,  N  ^'^ 


4.    A  complete  description  always  begins  with  the  smallest  division  and 
progresses  to  the  largest. 

B.     Lot  and  block  description  (Transparency  ^ 

1.     Describes  land  by  referring  to  a  recorded  plat,  the  lot  number,  the 
block  number,  the  subdivision,  the  city,  the  county,  and  the  state. 

(NOTE:  Under  the  government  survey  system,  40  acres  is  the  small- 
est subdivision  of  land.  To  further  spilt  up  land  into  smaller  parcels  or 
lots  is  called  the  subdhrision  of  land  Isubdivlslon  plat].  This  utilizes 
lot  and  block  descriptions  of  land.) 

Z     Descrit>es  small  units  of  property  in  a  sulxtivlsion. 

3.  Must  be  filed  with  the  county  as  part  of  a  plat. 

4.  Each  block  is  numtfflred  consecutively 

5.  Each  lot  carries  a  numtwr  shown  In  consecutive  order  within  the 
block. 
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6.  A  plat  is  captioned  with  the  legal  description. 

Example:  Typical  lot  and  block  descriotion:  Lot  9,  Block  40,  Boulder 
subdivision.  City  of  Louisville,  Boulder  County,  State  of 
Colorado 

{NOTE:  Legal  descriptions  are  commonly  referred  back  to  the  local 
register  of  deeds  by  listing  the  proper  page  and  book  number  of 
where  the  original  deed  description  can  be  found.) 

7.  Advantage  of  lot  and  block  description  is  it  shows  all  lots  in  relation- 
ship to  other  parcels  of  land. 

Metes  and  bounds  descriptions  {Transparency  4) 

1.  Oldest  known  manner  of  describing  land. 

2.  Method  employed  for  demarcation  of  tracts  of  land  in  the  original  13 
states. 

3.  OfttM  used  to  describe  Irregularly  shaped  plats. 

4.  Description  must  begin  at  some  known  point  that  can  be  readily 
identified. 

5.  Begins  at  some  point  in  the  boundary  of  the  tract  and  then  recites 
the  courses  (directions)  and  distances  from  point  to  point  entirely 
around  the  tract. 

6.  All  bounds  are  listed  In  rational  order  and  referenced  to  a  chart  by 
bearing,  distance,  and  monuments. 

7.  The  description  must  close  —  The  courses  and  distances  of  a 
description  m   *  come  t>ack  to  the  place  of  beginning. 

8.  A  plat  is  drawn  from  a  metes  and  bounds  description. 

(NOTE:  A  complete  description  of  real  property  may  include  all  three 
types  of  description  in  combination  —  sectional  system,  metes  and 
bounds,  and/or  lot  and  block  description.) 

State  plane  coordinate  system 

1.  Was  established  in  1933  by  the  U.S.  Coast  and  Geodetic  Survey 

2.  Uses  a  rectangular  grid  designed  to  fit  the  curved  shape  of  the  earth 
to  a  plane  surface  with  as  little  distortion  as  possible 

3.  Is  used  for  defining  positions  of  geodetic  stations  in  terms  of  plane 
rectangular  (K  and  V)  coordinates 

4.  All  states  have  established  by  law  a  state  plane  coordinate  system  In 
either  the  Lambert  projectton  or  the  transverse  Mercator  projection 
with  one  or  more  zones. 
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U.S.  Public  Land  Survey  System 


(  ORR  ECU  ON    L  iNF 


?*1  Vi'^f-S 


If-trst  Standard  VnTt^lM  South) 
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Sample  Subdivision  af  a  Section 


NORTH 


W1/2NWV4 

EV2NWV4 

NEV4 

80  acres 

80  acres 

160  acres 

NV2NWV4SWV4 
20  acres 

WV2 
NE1/4 

EV2 
NEV4 
SWV4 
20  acres 

NWV4SE1/4 
40  acres 

NE"'/4SEV4 
40  acres 

SV2NW1/4SWV4 
20  acres 

SW1/4 
20  acres 

N1/2SV2SWV4 

40  acres 

SWV4SE1/4 

SEV4SEV4 

40  acres 

40  acres 

SWV4 
10  acres 

10  acies 

SV2SEV4SWIM 

20  acres 

SOUTH 


Lot  and  Block  Description 
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Typical  Metes  and  Bounds  Description 


2<^'^/  53  -ft 
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to 
to 

i5 


33 


All  Ihai  par!  of  the  Norihwcsi  Quarter  of  Oie  Norlhwest  Quarter  of 
Section  21,  Township  23  North.  Range  12  West  of  the  Fifth  Principal 
Meridian,  Technical  Township,  Science  County,  North  Dakota 
dcKribcd  as  follows: 

Commencing  at  the  Northwest  Corner  of  said  Section  21;  thence  on  an 
assumed  bearing  of  Due  South  on  and  along  ihc  west  line  of  Section  21 
at  a  distance  of  622.33  fett  to  the  pivint  of  beginning;  thence  North  89 
degrees  59  minutes  40  sm>nd.s  Hast  a  distance  of  600.00  feet;  thence 
Due  South  a  distance  of  376.00  feet;  thence  South  89  degrees  59  minutes 
40  seconds  West  a  distance  of  600.00  feet  to  the  saio  vest  line  of  Section 
21;  thence  Due  Noflh  a  distance  of  376.00  feet  on  .uid  along  the  said 
weft  line  of  Section  21  to  'he  point  of  beginning. 


The  above  described  tract  contains  5. 18  acres  more  or  less  and  is  subject 
to  an  existing  public  road  over  and  across  its  most  westerly  33.00  feel. 
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ASSIGNMENT  SHEET  #1  —  WRITE  A  IV^ETES  AND  BOUNDS 

DESCRIPTION 


Directions:  Write  a  metes  and  bounds  descriptiun  fi?r  liu^  injiisc  and  lot  where  you  live. 
Assume  any  necessary  data.  Sketch  a  map  of  the  pfopenv  to  coincklt^  with  the  description. 
Refer  to  Transparency  4  if  needed. 
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ASSIGNMENT  SHEET  #2      PLOT  OR  LAYOUT  A  LEGAL 

LAND  DESCRIPTION 


Directions:  Plot  up  tho  toiicnvit^q  chnu.'rjptuMi  of  a  ^Mfcei  ot  laiKl  usifiq  a  scale  of  1"  -  400*. 

(NOTE:  The  property  is  located  in  a  slr^ntJofd  U  S  public  U\nii  survey  system.) 

Legal  Description:    "Cotmnem  ing  tU  iUc  Goiithwest  cornt^r  of  Section  35  in  Township  10  N.. 
Ranpe  3  W., 

Thence  N  0^5'W  afonq  the  wentrriy  houndary  of  Section  36,  2053.00 
feet  to  a  point  therein; 

Thence  N  b9**4f>'E.  1050,00  feet: 

Thence  souttieriy,  paraliei  with  the  wec^terly  Hmit  of  Section  35,  670.32 
feet; 

Thence  N  B9^45'E.  950.00  fein: 

Thence  souttieriy  parallel  m\h  Uic  westcriy  Hmit  of  Section  35,  13B168 
feet,  more  or  (ess.  to  the  pomt  of  intersection  with  the  southerly  boundary 
of  Section  35; 

Ther^ce  we^.leriy  aSonci  the  hCMitheily  boundary  of  Section  35,  POOO.OO 
feet,  more  Of        to  {fir  point  of  commencement. 


S- 
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UNIT  X 


ASSIGNMENT  SHEET  #3  —  WRITE  A  LOT  AND  BLOCK  DESCRIPTION 


Directions:  In  the  space  below  write  tot  af)U  block  tk'MTfption»-  tor  tnr  two  K  tt^  i4m(i**r!  c>n  ifu- 
partial  subdivision  shown. 

PLAT  OF  BRECKENRIDGt  INDUS'!  RIAL  PARK 

A  PART  OF  SECTION  9.  TOWNSHIP  13?  NOHTH,  F^ANCU'  4V  VVf'ftT  W^HiN  IHl  CV- •<  'Ol  t'^if  CK 
ENRIDGE.  AND  A  PART  OF  SECTION  10,  TQVi/NSHiP  HOWH.  RANGh  47  WtSI  VVMHiN 
BRECKENRIDGE  TOWNSHIP,  ALL  WITHIN  THE  DFfH  PRlNCIPAt.  MmipiAN  WiiMN  VOVhi^y. 
MINNESOTA 


A. 


B. 


' 


1    .31    .  Si 


2 


3 


0.         ,  ..4, 


/ 


B 
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ASSIGNMENT  SHEET  #4  -  RESEARCH  AND  RECORD  EXISTING 

PROPERTY  RECORDS 

Directions: 

1.  Visit  your  local  county  court  hous*?,  register  of  deeds'  office. 

2.  Have  someone  help  you  locate  the  original  plat  and  description  of  one  of  the  following 
parcels  of  land: 

a.  Your  residence 

b.  Your  school 

c.  Your  neighbors  residence 

3.  Recopy  the  legal  description. 

4.  Record  the  original  surveyor. 

5.  Record  the  date  of  the  original  survey. 
6-     Note  any  encumbrances. 

7.     Retrace  any  sales  of  property  or  transfer  of  ownership. 
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UNIT  X 


ANSWERS  TO  ASSIGNMENT  SHEETS 

Assignment  Sheet  #1  —  Evaluated  to  the  satisfaction  of  the  instructor 
Assignment  Sheet  #2 
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SOUTHERLY  LIMIT  OF  SECTION  35 


SOUTHWEST  CORNER 
OF  SECTION  35, 
T10N.,  P.3W. 


SCALE 


400 


00 
CO 


800 


526 


ANSWERS  TO  ASSIGNMENT  SHEETS 

Assicitimor^t  Sheet  H3 

A.  Lot  3.  Block  1,  BrecHenridgc  Industrial  Park.  City  of  Breckenfidg3.  Wilkin  County,  Stale 
of  Minnesota 

B.  Lot  7.  Block  4.  Breckenrlacje  Industrial  Park,  City  of  Brecketiridge.  Wilkin  County.  State 
of  Minnesota 

Assignnvnt  Sheet  #4  —  Evaluated  to  tfie  satisfaction  of  the  instructor 
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NAME 


TEST 


Match  the  terms  on  the  right  with  the  correct  definitions. 


—3. 

A  signed  and  seaieu  uocumeni  coniaininy 

i 

1 . 

legal  language  that  transfers  ownership  of 

property  to  another  party 

._b. 

A  determined  land  marking  that  is  used 

3. 

Bearing 

sometimes  for  ownership  boundaries,  often 

determined  by  vegetation  or  alkaline  marks 

4. 

Corner 

._.c. 

A  surveyed  line  that  indicates  fixed  owner- 

6. 

Condemnation 

ship  between  properties;  a  separating  line 

Conveyance 

6. 

A  fractional  part 

7. 

Deed 

e. 

The  deed  for  the  first  parcel  to  be  sold  off 

from  a  tract  of  land 

8. 

High  water  nnark 

.  f. 

A  deed  used  to  release  one  person's  right. 

9. 

Monument 

title,  or  interest  to  another  without  providing 

Quit  claim  deed 

a  guarantee  or  wan^nty  of  title 

10. 

S- 

An  identifying  marker,  normally  stune,  tfiat 

11. 

Senior  deed 

indicates  ownership;  generally  used  to  mark 

a  corner 

12. 

Warranty  deed 

h.      The  method  of  transferring  ownership  of 
property  to  another  party 

J.  A  deed  authorizing  that  the  grantor  has  a 
good  title  free  and  clear  of  any  liens  and 
encumbrances  and  will  defend  the  grantee 
against  any  claims 

The  act  of  judicialiy  or  legally  condemning 
ownership  of  a  parcel  of  land;  to  acquire 
ownership  or  public  use  by  eminent  domain 

,k.  The  direction  of  a  straight  line  in  respect  to 
a  compass,  magnetic  or  true  north 

_t.  The  point  in  which  converging  lines  meet; 
the  intersection  of  two  boundary  or  property 
lines  usually  marked  with  a  stone,  iron  bar, 
pipe,  or  brass  disc  or  plug 


TEST 


Stair  throe  purposes  of  iega!  land  surveys. 

a    

b.    ...  .  

c. 


Complete  the  fonowing  statements  concerning  the  two  principles  affecting  laws  on 
boundary  positions  by  placing  either  the  word  "intent"  or  ••acceptance"  in  the  appropri- 

a       The  position  of  boundaries  is  determined  by  the  of  the  parties 

that  establish  the  new  boundary. 

b.  With  the  passage  of  time,  evidence  of  the  parties'  ^  become<i  more 

difficult  to  secure. 

c.  Rules  have  been  developed  to  eliminate  old  evidence  in  favor  of  "present  condi- 
tions;' The  longer  the  period  of  „_„   of  these  conditions,  the  stronger 

the  evidence  becomes. 

Distinguish  between  the  two  types  of  laws  regulating  land  surveying  by  placing  a  "C" 
next  to  the  description  of  common  law  and  an  "S"  next  to  the  description  of  statutory 

  a       Is  composed  of  the  body  of  !aw  such  as  ordinances  enacted  by  tiovernina 

bothies.  *^  ^ 

 '^'^      ^o^y     ru'es  and  principles  that  have  been  accepted  by  continual 

usage. 

List  three  methods  of  transferring  property  titles, 
a. 


Select  true  statements  concerning  properly  prepared  deeds  by  placing  an  "X"  next  to 
the  Uuv.  statements. 

-    .  -,_a.      Will  contain  some  sort  of  description  of  the  boundaries  of  the  land  con- 
veyed 

—  ^-      ^^st  be  tied  directly  or  indirectly  to  physical  marks  or  monuments  on  the 

ground  and  surrounding  properties 

 c.      Is  usually  recorded  in  a  county  court  house,  and  is  closed  to  the  public. 
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TEST 


7.     List  four  types  of  information  containod  in  !and  descriptions. 


a 
b. 


8.     Match  the  legal  terms  affecting  propc^rty  possession  on  the  right  with  the  correct 
descriptions. 


 a.      A  claim  against  a  property 

....  _  .b.      Right  to  use  the  land  of  another  tor  a  spe- 
cific purpose 

 c.      Right  to  pass  across  another's  land 

.  ,  d.      Right  of  a  government  to  take  private  prop- 

erty  for  public  use  provided  the  owner 
receives  just  compensation 

 e.      When  land  is  used  by  a  person  other  than 

the  owner  for  an  extended  period  of  time, 
the  land  may  be  claimed  by  the  user  from 
the  title  owner.  Strict  rules  apply. 

  e       Gradually  taking  possession  of  another's 

land 


1.  Adverse  possession 

2.  Easement 

3  Eminent  domain 

4.  Encroachment 

5.  Encumbrance 

6.  Right-of'Way 


9,     Match  types  of  boundary  evidence  on  the  fight  with  the  correct  descriptions. 


.a.  The  position  of  boundaries  is  found  in  the 
land  description  in  the  form  of  deeds,  wills. 
dedicatir»ns.  condemnation  proceedings,  or 
agreements 

b.  When  two  adjoining  land  owners  agree 
upon  where  a  boundary  is  located  and 
either  record  the  agreement  in  written  form 
or  show  by  their  actions  where  the  line  is 
located 

X.      Marks  on  the  ground  which  identify  bounda- 


__d.  V^;?en  two  persons  owning  adjoining  land 
use  the  land  up  to  a  certain  line  for  a  reason- 
able  period  and  show  by  their  actions  that 
they  accept  it  as  the  boundary 


1.  Acquiescence 

2.  Agreement 

3.  Records  of  tx)undary 
position  (written  evi- 
dence) 

4.  Visual  evidence 


ERLC 


TEST 


Select  true  statements  concerning  riparia.^  ritjht??  by  piacinq  an  "X"  next  to  the  true 
statements. 


.  a.      Refer  to  those  rights  of  a  property  ownru      land  that  borders  another 

piece  of  iand  owned  by  someone  else 

— . — b.  Difficulties  in  surveying  these  types  of  properties  include:  the  t>oundaries 
are  irregular  in  shape,  and  the  bounda-'es  are  subject  to  changes  incurring 
with  changes  in  water-levels. 

_ — c.  The  ownership  may  extend  to  a  high-water  mark,  low-water  mark,  or  to  the 
center  of  a  stream  or  river 

 d.      Changes  in  positions  of  water  bodies  play  a  direct  role  in  location  of 

boundaries 

Distinguish  between  terms  related  to  riparian  rights  an(J  changes  in  water  boundaries 
by  placing  the  following  letters  next  to  the  correct  descriptions: 

•  Al  —  Alluvium  (accretion) 

•  Av  —  Avulsion  (revulsion) 

•  E  —  Erosion 


 a.      The  gradual  wearing  away  of  the  land  by  the  forces  of  water  and  wind 

— __b.      The  increase  of  land  by  the  gradual  addition  of  matter  (clay.  sand,  silt)  tnat 
then  belongs  to  the  owner  of  the  land  to  which  it  Is  added 

 c.      The  sudden  change  in  the  position  of  a  t>ody  of  water  usually  due  to  heavy 

storms  or  flooding 

Complete  the  following  statements  concerning  deed  descriptions  by  circling  the  cor- 
rect words. 


a.  Include  the  direction  and  distances  of  (most,  all)  lines  along  the  property  bounda- 
ries of  the  parcel  of  land. 

b.  Are  usually  in  (written,  illustrative)  form. 

c.  Property  is  described  as  starting  or  commencing  from  a  point  of  beginning  and 
continues  either  clockwise  or  counterclockwise  around  the  property,  (ending  at  a 
monument,  returning  to  the  point  of  beginning). 

d.  Bearings  of  lines  may  be  assumed,  magnetic,  or  true,  with  (assumed,  magnetic, 
true)  being  preferable. 

e.  Property  descriptions  are  most  commonly  written  by  (surveyors,  lawyers). 


TEST 


13,    Match  the  methods  of  legal  land  descriptions  on  the  right  with  the  correct  characteris- 
tics. 


1.  Lot     and  block 
descriptions 

2.  Metes  and  bounds 
descriptions 

3.  Public  land  survey 
system 

4.  State  plane  coordi- 
nate system 


 a.      Oldest  known  manner  of  describing  land. 

Employed  for  demarcation  of  tracts  of  land 
in  the  original  13  states, 

 b.      Was  established  In  1933  by  the  U.S.  Coast 

and  Geodetic  Survey  Uses  a  rectangular 
grid  designed  to  fit  the  curved  shape  of  the 
earth  to  a  plane  surface  with  as  little  distor- 
tion as  possible. 

 c.      Describe  land  by  referring  to  a  re<x>rded 

plat,  the  lot  numl)er,  block  numt^r,  the  sub- 
division, the  city,  the  county,  and  the  state. 

 d.      Inaugurated  by  the  Continental  Congress 

on  May  20, 1785,  for  the  survey  of  the  public 
lands  of  the  United  States. 

(NOTE:  If  the  following  activities  have  not  been  accomplished  prior  to  the  test,  ask  you  Instruc- 
tor when  they  should  be  completed.) 

14.  Write  a  nr»etes  and  bounds  description.  (Assignment  Sheet  #1) 

15.  Plot  or  layout  a  legal  Irnd  description.  (Assignment  Sh^t  #2? 

16.  Write  a  lot  and  block  description.  (Assignment  Sheet  #3) 


17.    Research  and  record  existing  property  records.  (Assignment  Sheet  #4) 
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ANSWERS  TO  TEST 


d. 


f. 


a. 
b 
c. 


7 
8 
2 
1 

11 
10 


j- 
k. 

I. 


9 
h. 

i. 


9 

6 

12 

6 

3 
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Any  three  of  the  following: 

a.  To  subdivide  public  lands  in  townships,  sections,  and  lots 

b.  To  attain  the  necessary  information  for  writing  a  legal  description 

c.  To  determine  the  exact  area  of  a  particular  tract  of  land 

d.  To  reestablish  the  boundaries  of  a  parcel  of  land  that  has  been  previously  sur- 
veyed and  legally  described 

e.  To  subdivide  a  parcel  of  land  into  two  or  more  smaller  units 

f.  To  establish  the  exact  position  of  features  such  as  buildings  on  a  parcel  with 
respect  to  the  boundaries 

a.  Intent 

b.  Intent 

c.  Acceptance 

a  S 

b.  C 

Any  three  of  the  following: 

a.  Deed  (several  typos) 

b.  Inheritance  through  a  will 

c.  Inheritance  without  a  will 

d.  Adverse  possession 


Any  four  of  the  following: 

a.  Point  of  beginning 

b.  Point  of  commencement 

c.  Lengths  and  directions  of  the  property  sides 

d.  Names  of  adjoining  property  owners 

e.  Area  of  the  parcel  descrit)ed 

a.  5  d.  3 

b.  2  e  l 

c.  6  f.  4 


a.  b 
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ANSWERS  TO  TEST 


9.     a.  3 

b.  2 

c.  4 

d.  1 

10.  b.  c.  d 

11.  a.  E 

b.  Ai 

c.  Av 

12.  a.  All 

b.  Written 

c.  Returning  to  the  point  of  beginning 

d.  True 

c.  Surveyors 

13.  a.  2 

b.  4 

c.  1 

d.  3 

14.-. 7.     Evaluated  to  ttie  satisfaction  o(  the  instructor 
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BOUNDARY  SURVEYING 
UNIT  XI 


UNIT  OBJECTIVE 

After  completion  of  this  unit,  the  student  should  be  able  to  list  confimon  types  of  monumenta- 
tlon,  discuss  the  procedures  used  to  establish  the  U.S.  public  land  survey  system,  research 
and  obtain  deed  descriptions,  and  retrace  boundaries  from  a  deed  description.  Competencies 
will  be  demonstrated  by  correctly  performing  the  procedures  outlined  In  the  job  and  assign- 
ment sheets  and  by  scoring  85  percent  on  the  unit  test. 

SPECIFIC  OBJECTIVES 

Aftgr  completion  of  this  unit,  the  student  should  be  able  to: 

1-  Match  terms  related  to  boundary  surveying  with  the  correct  definitioris. 

2.  List  the  purposes  of  a  Ijoundary  survey 

3.  Match  the  types  of  boundary  surveys  with  the  correct  descriptions. 

4.  Select  true  statements  concerning  legal  interpretation  of  evidence. 

5.  List  common  types  of  monumenlation  found  when  setting  boundary  lines. 
S.  Complete  a  chart  of  abbreviations  used  for  marking  monuments. 

7.  Complete  statements  concerning  the  establishment  of  the  U.S.  public  land  survey 
system. 

8.  Select  from  a  list  the  states  not  subdivided  under  the  U.S.  public  land  survey  sys- 
tem. 

9.  Complete  statements  concerning  the  subdivision  of  a  section. 

10.    Arrange  in  o'  :ier  the  procedures  used  for  performing  a  boundary  survey 
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Answer  quostlons  based  on  the  public  land  survey  system.  (Assignment  Sheet  #1) 

Write  and  locate  descriptions  for  the  subdivision  of  a  section.  ^Assignment  Sheet 
#2) 

Research  and  obtain  deed  descriptions  of  an  assigned  tract  of  land.  {Asslgnnnent 
Sheet  #3) 

Demonstrate  the  ability  to  retrace  boundarizr  from  a  deed  description,  (Job  Sheet 
#1) 
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BOUNDARY  SURVEYING 
UNIT  XI 

SUGGESTED  ACTiVITIES 

A.  Obtain  additional  materials  and/or  invite  fesource  people  to  class  to  jinpf  Jement/fCMn- 
force  information  provided  in  this  unH  of  instruction. 

(NOTE.  This  activity  should  be  completed  prior  to  the  teaching  of  this  un!t.j 

B.  Make  transparencies  from  the  transparency  masters  included  with  this  unit. 

C.  Provide  students  with  objective  sheet. 

D.  Discuss  unit  and  specific  objectives. 

E.  Provide  students  with  information  and  assignment  sheets. 
F       Discuss  information  and  assignment  sheets. 

{NOTE:  Use  the  transparencies  to  enhance  the  information  as  needed  ) 

G,  Provide  students  with  job  sheet. 

H,  Discuss  and  demonstrate  the  procedure  outlined  in  the  job  sheet. 

I,  Integrate  the  following  activities  throughout  the  teaching  of  this  unit: 

1.  Visit  the  local  county  courthouse  and  obtain  a  copy  of  the  plat  for  the  iocatJon  of 
the  r^tudent's  home  or  school. 

2.  Obtain  a  copy  of  the  local  codes  concerning  easements,  setbacks,  and  road  right- 
of-ways. 

3-     Obtain  a  U.S.G.S.  73  minute  quadrangle  map  of  your  local  area  and  locate  by 
township,  range,  and  section  many  local  fandrriarks, 

4.  Provide  students  with  various  U,S.G.S.  7.5  minute  quadrangle  maps  for  Assign- 
ment Sheet  #1. 

5.  Meet  individually  with  students  to  evaluate  their  progress  through  this  unit  of 
instruction,  and  indicate  to  them  possible  areas  for  improvement. 

J.      Give  test, 

K.      Evaluate  test. 

L.      Reteach  if  necessary 
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INSTRUCTIONAL  MATERIALS  INCLUDED  IN  THIS  UNIT 

A      Objective  sheet 
B      Information  sheet 
C       iransparency  masters 

1,  TM  1  -  U.S.  Public  Land  Survey  System 

2.  TM  2  —  Sections 

"     TM  3  —  Public  Land  Survey  System  ^Arcas  Covered  and  Not  Covered) 
13.  Handouts 

1.     Handout  #1  —  Principal  Meridians 

2     Handout  #2  —  Subdivision  Steps 
f       Assignment  sheets 

1.  Assignment  Sheet  #1  —  Answer  Questions  Based  on  the  Public  Land  Sunfey  Sys- 
tem 

2.  Assignment  Sheet  #2  -  Write  and  Locate  Descriptions  for  the  Subdivision  of  a 
Section 

3.  Assignment  Sheet  #3  —  Research  and  Obtain  Deed  Descriptions  of  an  Assigned 
Tract  of  land 

F.  Answers  to  assignment  sheets 

G.  Job  Sheet  #1  —  Retrace  Boundaries  from  a  Deed  Description 

H.  Test 

i.       Answers  to  tost 

REFERENCES  USED  IN  WRITING  THIS  UNIT 

A.      Kavanagh.  Barry  R.  and  S.  J.  Glenn  Bird.  Surveying:  Principles  and  Applicutiof^K. 
Reston.  Virginia;  Reston  Publishing  Co.,  Inc.,  1984. 

B       Brinker,  Russell  and  P.R,  Wolf.  Elementary  Surveying,  7th  ed.  Now  York:  Harper  &  Row. 
1984. 

C.      Davis,  R.E.,  F.S.  Foote,  and  J.H.  Kelly.  Surveying.  5th  ed.  New  York:  fvlcGraw-Hill  Book 
Company.  1966. 

D       Munuat  of  Surveying  Instructions.  Technical  Bulletin  6.  Bureau  of  Land  Management/ 
U.S.  Department  of  the  Interior,  1973. 

E.      Kissam.  Phillip.  Surveying  for  Civil  Engineers.  New  York:  fi^cGraw  Hill.  1976. 
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SUGGESTED  SUPPLEMENTAL  MATERIALS 


Hoag.  John  S.  Fundamentals  of  Land  Management  Chicaqo.  )L:  Chicago  Title  Insur- 
ance Company.  1971. 

Glossaries  of  BLM  Surveymg  and  Mapping  Terms.  2mi  f>d  Buroau  of  Land  Manage- 
ment/U.S.  Department  of  the  Interior,  1980. 

Definitions  of  Surveying  and  Associated  Terms.  American  Congfcss  on  Surveying  and 
Mapping  and  the  American  Society  ot  Civil  Engineers,  197B. 

Kissam.  PhiUip.  Survtying  Practice.  New  York:  McGraw-HiM.  1978. 

Breed.  Hoamer<Fang,  Barry).  Principles  and  Pructices  of  F.lementury  Surveying,  11  th  ed. 
New  York:  Wiley.  1977. 
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INFORMATION  SHEET 


Terms  and  ddfinitions 

A.  Aliquot  parts  ~  Smaller,  identical  parts  or  parcels  of  land  divided  from  a 
large  parcel  of  land;  used  in  subdivisions 

B.  Base  line  —  A  principal  parallel  line  that  runs  straight  east  and  west  that  is 
used  in  establishing  the  rectangular  system  of  land  descriplion,  is  run 
astronomicaUy  by  surveyors 

C.  Boundary  survey  —  A  survey  that  is  performed  usually  around  a  certain 
parcel  of  land  to  determine  ownership  and  the  legal  location  of  ownership 
limits 

D.  Central  mer\&mn  —  The  line  of  longitude  at  the  center  of  a  projection 

E.  Deed  —  Legal  document  which  specifies  the  ownership  o1  the  land 

F  Land  survey  —  A  survey  that  locates  property  corners  and  boundary  iincs: 
usually  closed  with  a  traverse 

G.  Legal  description  ~  A  written  statement  recognized  by  law  as  a  definite 
location  of  a  tract  of  land  by  reference  to  a  survey  recorded  map.  or  adjoin^ 
ing  property 

H.  Longitude  —  Arc  distance  measured  in  degrees  east  and  west  from  the 
prime  meridian 

L  Meander  line  ~  A  survey  line  that  follows  the  mean  high  water  marks  anci 
is  used  for  plotting  and  protraction  of  aroa  only 

J.  Meridian  —  Line  of  longitude  that  runs  straight  north  and  soulh,  i,s  run 
astronomically  by  surveyors 

K.      Monument  —  Permanent  object  that  marks  estabiist^^d  points 

1.  Natural:  Created  by  nature 
Examplns*    Trees,  rtvms 

2.  Artificial:  Created  by  hurnan  beings 

Examples:    Wooden  stake,  s1onc\  or  other  fM^rnidne  ,t  marM  r  prvy- 
eriy  located  ard  witnessed 

L.  Parcel  number  —  A  method  of  identifying  a  ..:>ecific  par  Vi  withui  a  tracl  of 
land 
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M.      PtHP?;- tM*,>fHiuif^  ■  TtuMtifMidian  of  lonpituiif  0'':  the  meridian  of  Greenwich, 

U  F'tMirjp.si  uH'fiiiKi'^  A  n)Ofidian  established  as  a  baslb  for  establishing  a 
ft;f*fronr>/  Mnr      the  Ofqanization  of  the  rectangular  system 

C-       Pfv;ftUinu  Of  f>fopurtion)ng  ~  A  niethod  used  when  locating  property  cor- 
it/LH  .A  eUuctiveiy  distributing  an  excess  or  deficiency  of  error  within  the 
distance  to  the  ni?afest  monument  found 

Protr.K.ting  The  process  of  plotting  tho  intf^rior,  unsurveyed  boundaries 
of  %m  offfcia!  plat 

Q.  Public  domain  {lands)  ~  Any  or  all  of  those  areas  of  land  ceded  to  the  fed- 
ora) flovernmont  by  the  original  states  and  to  such  other  lands  as  were  later 
acquired  tiy  treaty  purchase,  or  cession  and  are  disposed  of  only  under  the 
atithority  Conqrrss 

R  Random  line  —  A  sun/ey  line  that  is  run  knowing  that  it  is  not  exactly  in  the 
correct  position  but  once  established,  calculated  right  angle  offsets  can  be 
caicuiated  to  determine  the  true  line 

Rrcc>nnaiSsSanco     A  preliminary  survey  used  to  obtain  information  about 

a  spectffc  site 

I  H'^st'Ction  A  method  <*t  locating  a  point  by  measuiing  angles  between  a 
pomt  of  Known  location  trorn  the  point  in  question 

U  Sut'divisiof^  fUSPl  S)  —  The  division  of  a  township  such  as  into  a  section, 
ruilf  section,  quarter  section,  quarter-quarter  section,  or  sixteenth  section 
or  k,)Uinij.  section,  township,  and  range  numbers  and  the  description  of  the 
principal  meruiian  to  which  referred 

V  5Mibfiivj^:u;u?  iwim^y  A  typ*'^  of  land  survey  in  whicf^  the  legal  boundaries  of 
rjn  area      !ocaif>o  and  the  area  is  divide^i  mto  parcels  of  lots,  streets,  nght- 

Purposes  of  a  boundary  survey 

A       To  -.orurp  ^ht-  n? -rp.ssary  data  for  wntinq  a  legal  description  of  the  tract  of 

B.  "fo  'iof^K:  tin:  hv.nuuiancs  of  the  property  with  visible  objects. 

C.  iv  detf  ruiifje  trie  area  of  a  designated  tract  of  land. 

D         '  uH^btaiihsh  the  bcRKHlaries  of  a  previously  surveyed  parcel  of  land. 
I.      To  butxiividt-  a  tract  of  land  into  two  or  more  parcels  of  land. 
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Types  of  boundary  surveys 

A.  Original  surveys 

1.  Measure  uriknown  lengths  and  directions  of  boundaries  not  previ- 
ously  established. 

2.  Document  a  tract  of  land  bound  on  aU  sides  by  adjoining  property 
owners. 

3.  Usually  performed  when  a  tract  has  not  been  previously  surveyed 
and  is  being  transferred  from  one  owner  to  another. 

B.  Resurveys 

1.  Reestablish  the  boundaries  of  a  tract  of  land  for  which  a  survey  has 
previousJy  been  made. 

2  The  surveyor  Is  guided  by  a  description  based  upon  the  original  sur* 
voy  and  by  evidence  on  the  ground. 

3-  The  description  being  followed  may  t>e  in  the  form  of  old  original  sur- 
vey notes,  an  old  deed,  or  a  map  or  plat  on  which  the  recorded 
lengths  and  bearings  have  been  recorded. 

4.  Usually  performed  when  land  is  transferred  by  deed  from  one  party 
to  another 

C.  Subdivision  surveys 

1.  Subdivide  land  into  more  or  less  regular  tracts  in  accordance  with  a 
prearranged  plan. 

2.  The  division  of  public  lands  of  the  United  States  into  townships,  sec^ 
lions,  and  quarter  sections  is  an  example  of  the  subdivision  of  rural 
lands. 

3.  The  laying  out  of  blocks  and  lots  in  a  city  addition  is  an  example  of 
subdivision  of  urban  lands. 

4  Usually  performed  when  large  tracts  of  land  are  divided  into  many 
parcels  for  development  by  several  individual  owners. 

Legal  interpretation  of  evidence 

A.      The  description  of  the  boundaries  of  a  tract  include 

1.  Objects  that  fix  the  locat'on  of  all  corners 

2.  Lengths  and  directions  of  '^j|  limv*  between  corners 
3-     The  area  of  the  tr^^-t 
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B.  Deed  dcscfiption  niay  v'v  nldin  i-jmms      n^is^uKir'^  in  Fne<5«>urejnent.  thus 
making  retract^nifjit  di!^ic;i!t. 

C.  The  unwtMsai  pfH ti  ^pk'  ot  uvvv  ^lu^'^NiVA     tv:  uiaKr  Itu?  ih.H;d  effectual  rather 
thfin  vOid.  and  tt^  ot'^iJtP  thr  .^,  ta.ii  irij^-n* '     V)v  konUaci'mg  parties. 

D.  Ihe  folluwiny  fuk*s  lu^ve  l>eci'^  lor n^tiiMUni  to  i  :i?ry  ovi  this  prtnciple: 

1  Monuniontt^^  -  Vi^itiio  objt-uts  Vvhu.h  mark  the  confers  of  the  parties 
concerned  are  c;<')nt3u!e^ed  the  b^^t  form  of  evidence.  A  corner  thus 
established  v^iif  ph.'vaj!  agair^M  all  olliur  forms  of  evidence,  providing 
there  is  fei3r>on  to  believe  \tu}  mou^itnent  was  ^et  in  accordance  with 
the  oriQina!  v^U'ul  an;J  it  h^u-  ni^t  bovn  {jistuft)ed. 

2  Distance,  direction,  and  v^u^a  in  va^c  vjf  conflicts  among  "calls"  in 
the  deed  ot  diMienb^un-.  un  a  it  oxuded  piat,  tfie  following  order  of 
mjpoftance  is  (observed 

:i.       Distances  co^inH  over  t^eaiKurs 

b.       Bear  wKjs  c^entn-^  owf  afCt^  of  IumA 

3.  MistaKeti  W  iv^  a  'acW  t'  stal^l^sh*  d  pnni'^pie  that  vieed  descriptions 
indicate  all  HUef^tiuf?tud  l»a^tlt•^  s  ona^rm^.  f  f^ereforo,  obvious  mis- 
takes buch  as  i>nu^:^SiOf^b  t.>t  fun  tap>.'  lengths  in  a  dimension  or  the 
tfanr»pQsitic^i",  wouJs  'uoittin^ist"  fur  'northwest"  will  have  no 
effect  r?n  tht*  Vvdiiiitv  u  li^  r'ptn^n  prc^viduv}  it  is  otherwise  com- 
plete and  et^'u^iott*^>t 

4.  Pijri:riase'  tavor»'?n  tfh- «  a  Jv.vvHjdK/Ji  havincjtwoor  more 
)nteipfffia!j'..^ns  iht^  .u  i-^  tr'VOr>ru;  \\n>  pun:h,4t>e'f  wjH  j:)revail  over  any 
others 

5  Ov^fH:fbh^p  hK^h,vav-  i  ^'>'d  dt-.^  fu;tMj  aH  benuj  bound  by  high- 
ways  or  street^'  conveys  ^  \\riet\,h\ii  tn  \Un  center  of  the  highway  or 
street.  Atiy  v.-itiatu>Fj  !n:::?  \hr,:-  f^iisS  ix'  ''^fMicdiy  Stated  in  the 
descnptiun. 

(x  Oriu^rutUj* ^venuatMil  ^uK^^'yS  u^un,  iouiwi  mi  of Kjir»al  government 
survey^^  do  n^t  afft-^  !  tfu-  iH^tnuVuK-s  ei:dat.»(>she<i  under  those  sur- 
veys ajui  will  MMiKut^  U>ed  vts  r'Mu!'>ai!y  estal>i»^hed 

Types  of  n>onumental!on  leimd  when  ;e!ting  boundary  lines 

A       Conunon  types 

1  A  wroiighi  !i«>n  pipe,  /mi;  uvuittni,  2  i/uude  iiiameter.  30  in.  long. 
The  iDv^tM  UKi  it.  .split  foi  4  (if  f>  in.  aiui  ^piead.  A  bras8  cap  is  fas- 
tened to  the  tup  Ttte  pipe  U^hni  with  coni.rete  It  is  set  with  three- 
quaMeri-i  of  Us  iefiqdi  ir^  tru«  4jKnjnj,j 
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2.  A  durable  native  stone  at  least  20  by  6  by  6  in.,  set  wilh  Inree^quarters 
of  its  length  in  the  ground 

3.  A  cross  mark  on  surface  rock 

4.  A  tablet  set  in  surface  rock 

5.  A  living  tt^e  when  it  occupies  the  position  of  the  corner 

6.  A  steel  rod 

7.  A  wooden  post 

8.  A  deposit  of  charcoal  or  glass  or  any  durable  artificial  nnaterial 
(called  a  memorial) 

Auxilary  types 

1.  Witness  corner  —  Used  when  it  is  impractical  to  occupy  the  site  of 
the  corner.  If  possible,  It  is  placed  as  near  to  the  corner  as  is  practi- 
cal, on  one  of  the  lines  running  to  the  corner.  It  must  not  be  more 
than  10  chains  distant.  If  this  is  impossible,  it  is  nlaced  anywhere 
within  5  chains. 

2.  Reference  monuments  —  Placed  within  a  short  distance  of  corners. 
At  least  two  and  sometimes  four  are  set.  They  are  used  when  the  cor^ 
ner  mark  is  liable  to  destruction  and  no  trees  are  available  that  can 
be  used. 

3.  Bearing  objects  —  Any  tree  or  other  natural  object  near  the  corner 
(ordinarily  within  3  chains).  The  tKJaring  and  distance  from  the  corner 
to  the  object  is  recorded.  The  distance  to  a  tree  is  measured  to  the 
center  of  the  tree  just  above  the  root  tx>)e.  Bearings  only  are  often 
recorded  to  distant  fandmari^s. 

4.  Pits  and  mounds  —  Pits  are  rectangular  and  are  placed  on  lines  that 
run  to  the  corner  The  excavated  material  is  placed  in  a  mound  at  the 
corner  or  on  one  of  the  lines.  New  and  old  specifications  differ. 

Marks  of  identification  on  monuments  and  bearing  objects 

1.  Various  systems  of  numbers  and  letters  are  used  to  mark  monu- 
ments. The  meaning  of  the  marks  should  be  decipherable  from  the 
list  of  abbreviations  in  Objective  VL 

2.  Grooves  or  notches  are  used  on  stone  monument*^  marking  closing 
corners.  Grooves  are  cut  in  the  face,  notches  in  the  corner.  They  are 
placed  toward  each  of  the  three  township  corners  of  the  township  to 
which  the  corner  belongs.  The  number  of  grooves  or  notches  indi- 
cate the  number  of  miles  to  that  corner. 
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Abbreviations  used  tor  marking  monuments 


AM 

Anipniipti    fnpvu  nM^M'^f 
position      vvh^?n  old 

PI 

fcmains) 

AMC 

Auxili8fy  fniusndcT  conit?? 

AP 

Anglo  poifit 

BO 

Bearing  object 

s 

BR 

Bearing  rock 

sc 

BT 

Bearing  tree 

SE 

G 

Center 

SMC 

CC 

GlDStny  uorTiuf 

SW 

E 

T 

LM 

Locution  (norMjment  (for 
U  S,   Survvy   u^A  con- 

TR 

nected  with  P\)b\\c  l.^md 

W 

M 

vvc 

MC 

i 

VVP 

N 

1  f  ^ 

NE 

NW 

i 

Ncrthwost 

Public  land  (unsurveyed) 
Range 

Reference  monument 

Section 

South 

Standard  corner 
Southeast 

Special  meander  corner 

Southwest 

Township 

Tract 

West 

Witness  corner 
Witness  point 
Quarter  section 
Sixteenth  section 


INFORMATION  SHEET 


Establishment  of  the  U.S.  public  land  survey  {USPLS)  system  (Transparent, les  1, 2 
and  3) 

A.  Thirty-seven  initial  points  have  been  established  which  serve  as  the  start- 
ing points  for  subdividing  the  public  lands. 

B.  Principal  mendtans  and  base  lines  pass  through  initial  points  and  make  up 
.he  framework  upon  which  this  system  is  built.  (Transparencies  1  and  3) 

1.  There  are  35  principal  meridians. 

a.  A  north-south  line  is  designated  the  princinal  meridian  for  a 
particular  state  or  area. 

b.  The  principal  meridian  is  marked  and  monumented,  and  is 
fixed  by  a  longitudinal  reading  (so  many  degrees,  minutes,  and 
seconds  west  of  the  Greenwich  Meridian), 

c.  Some  principal  meridians  are  numbered,  some  are  named. 
(Handout  #1) 

Examples:    5th  principal  meridian,  Louisiana  meridian,  Black 
Hills  meridian 

2.  There  are  32  base  lines. 

a      These  are  east  west  lines  run  at  right  a'  igles  (90*^  to  the  princi- 

pa!  mendian. 

b.  Location  of  each  (latitude)  is  fixed  astronomically  (so  many 
degrees  north  of  the  equatorial  line). 

C.  The  first  subdivision  of  public  Ic^nd  is  into  quadrangles  (tracts)  which  are 
approximately  24-mile  squares. 

D.  To  cofnpensate  for  the  convergence  of  the  lines  due  to  curvature  of  the 
earth. 

1.     Correction  lines  {also  called  standard  paraliels)  are  run  parallel  to 
base  lines. 
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2.     Guide  meridieins  are  run  parallel  to  principal  meridians. 
FIGURE  1 
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Townships 

1.  The  quadrangles  (24-mile  squares)  are  divided  into  smaller  tracts  of 
land  caliod  townships. 

2.  Tov)fnship  Hnes  are  east-west  lines  at  six  mife  inten^ats  parallel  to  the 
base  line. 

3.  Range  fines  are  north-south  lines  at  six-mile  inten^als  parallel  to  the 
principal  nneridian. 

4.  In  order  to  locate  a  township,  two  numbers  are  assigned  —  a  town- 
ship number  and  a  range  number. 

Example:    T2S,  R4E;  T6N.  R2W 

Sections  (Transparency  2) 

1     A  Congressional  act  in  1796  directed  each  township  to  be  subdivided 
into  3^  sections. 

2,  Each  section  measures  approximately  one  square  mile  (640  acres). 

3.  Each  section  corner  is  to  be  monumented. 
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Vie  s«K'.lio!)s  in  each  township  are  numbcft?d  consecutively  from  1  to 
36  beginning  with  in  the  northeast  corner  of  the  township  and  #36 
IF)  the  southeast  corner.  (Figure  2) 


FIGURE  2 
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6 

7 

18 
19 
30 
31 


N 

4  !  3  i 


1 


8  !  9    10  ;  11  12 

t     !  "  *     t  ' 
17    16    lb  \  14    13  :  ^ 
>     -it     •  ■  ■  .  E 

20  ;  21  ;  22   23  i  24 
29  :  28  :  2/  i  26  ;'  25  ' 
32   33   34  I  35  ;  36  I 
S 


Fractional  sections 

I-     Are  all  sections  bordering  on  the  north  and  west  sides  of  the  town- 
ship 

<NOTE:  Each  tovt  ship  doos  not  form  a  perfect  square  due  to  the 
convergence  of  meridians  and  other  causes.) 

2.  Are  expected  in  counties  bordering  oceans,  takes,  and  streams 

3.  Shouid  be  divided  inio  equal  fractional  parts  (if  possible).  (Figure  3) 
FIGURE  3 
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Vtll.     States  not  subdMded  under  U.S.  public  land  survey  system  (Transparency  3) 
A.      Original  thirteen  colonial  states 


1, 

New  Hampshire 

2. 

New  York 

3. 

Massachusetts 

4. 

Connecticut 

5. 

Rhode  Island 

6, 

Pennsylvania 

7. 

New  Jersey 

8. 

Maryland 

9. 

Detaware 

10. 

Virginia 

11. 

North  Carolina 

12. 

South  CaroUna 

13. 

Georgia 

Texas 

C,  Parts  of  Louisiana 

D,  Hawaii 

E,  West  Virginia 
E  Kentucky 

G.  Tennessee 

H.  Part  of  Ohio 


8^561 
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iX.     Subdivision  of  a  sedicn  (Handou!  #2} 

A.      in  18(X)  Congre&s  directed  that  a  section  could  be  si  'jdtvided  in  east  and 
west  halves  {3IS)  acres  each),  (Figure  4) 

HGURE  4 


Center  of  Section 


B.      In  18CKi  Congress  directed  further  subdivision  into  quarter    ~tions  and  the 
monumenting  of  ait  quarter  sectio"  corners,  (Figure  5) 

FIGURE  5 
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(NOTE:  Numbers  on  lines  Indicate  order  of  points  set.) 
^  Qu0ftar  Section  Corner 

njh  Section  Corner  EstatihshtJd  tor  B^survey  Example 
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C.  At  later  dates  Congress  directed  further  subdivision  of  the  section.  The 
quarter-quarter  section  of  40  acres  in  the  Km«ll«3Kt  statutory  division  of  reg- 
ular sections. 

D.  Lega!  descriptions  of  land  which  follow  the  regular  subdivision  of  a  regular 
section  must  include  the  principal  meridian,  section,  township,  and  range. 

E.  A  helpful  tip  in  reading  a  legal  description  of  a  section  to  locate  a  tract  of 
land  is  to  read  it  backwards. 

Example  written;      N  V;-.  NW  Va,  SW  V...  SEC  6.  T  55  N.  R  69  W 
Reads:      R  69  W.  T  55  N,  SECT  6.  SW  'Z^.  NW      N  '/;• 

F.  A  complete  description  always  begins  with  the  smallest  division  and  pro- 
gresses to  the  largest. 

Procedure  used  for  performing  boundary  surveys 

A,  A  copy  of  the  offer  to  purchase  or  any  other  document  related  to  the  prop- 
erty boundaries  should  be  obtained. 

(NOTE;  If  the  description  mentions  iiny  other  registered  deed  numbers,  a 
copy  should  be  obtained.) 

B.  A  reference  mor-urnent  or  corner  to  the  township  must  be  located  or  rees- 
tablished. 
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The  property  line  adjacent  to  the  street  or  highway  must  be  deter fiiined, 

(NOTE:  H  these  points  cannot  be  found,  they  in  turn  should  be  rcestab- 
Hshed,  Fences  or  trees  sometimes  rriay  obstruct  the  work;  therefore,  offset 
Hnos  or  random  lines  are  commoniy  used.  See  Figure  G.) 

FIGURE  6 


/Street  Unev 


Offset  Une 


Road  Aliowance 


The  other  corners  are  e^tabJished  by  a  variety  of  fic  <d  methods. 
1     Locating  the  actual  corner 

2.     EstabUshlnq  random  offset  tines  and  settinp  offset  reference  points 

(NOTE:  Many  methods  used  can  only  be  discovered  through  years  of 
field  experience  by  a  professional  land  surveyor.) 

The  distances  and  angles  are  measured  and  carefully  recorded  in  the  field 
notes. 
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F.  The  rectangular  coordinators  of  each  pfoppfly  corner  are  calculated, 

G.  A  plan  of  the  property  boundaries    drawn  showing 

1,  Bearings  of  linos 

2,  Distances  t>etwpen  r-.orne^s 

3,  Monumentation  found 
4  Monumentation  seA 

5.     Reference  points  or  ties  to  corners 

H.  The  area  of  the  parcel  is  calculatod  anci  shown  on  the  plan  drawing, 
t.       A  deed  description  is  prepared  using  one  of  the  standard  nnethods. 

1.  Public  land  survey  systens  method 

2.  Metes  and  bounds  method 

3.  Lot  and  block  method 

4.  State  plane  cootdinate  rnrthod 

J.      A  deed  description  ami  survey  plan  in  submitted  to  the  client  and  to  the 
local  county  registry  office. 

(NOTE:  Rural  or  urban  surveys  aro  very  similar  in  methods  of  surveying. 
Urban  surveys  or  mortgage  surveys  may  require  verification  of  possible 
encroachment  of  any  buildings  or  structures  on  the  parcel.  In  either  case, 
structures  are  norcnaily  iocatrtJ  in  reference  to  the  boundaries  of  the  par 
eel) 
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Public  Land  Survey  System 

(Areas  Covered  and  Not  Covered) 


A I  ASK  A 


Areas  shaded  are  not  subdivided  under  this  sytem,  Texas  has  a 
rectancjular  system  similar  to  the  public  land  survey  system. 
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HANDOUT  #1  -  PRINCIPAL  MERIDIANS 


Governing  Surveys  {whofly   Inlfia!  Ppfnts  

Meridian  Adopted  or  in  part)  in  Slat^  of  Latitude  LongHude 


BItck  HlHs   1878 

Bols«   1^7 

Chickasaw   1833 

ChcH^taw   1821 

Cimarron   1881 

Copper  Rtver  ,  ,  19K 

Fatrt>anks^   1910 

Fifth  Mncipal   1815 


First  Pflnclpat.   1819 

Fourth  Principal   1815 

do   1M1 

Gila  and  Salt  River. , . . , .  18^ 

HumboWt   1853 

HuntsvHIe   1807 

Indian  ,  1870 

Kateel  Rlver^   1956 

Louisiana   1K)7 

Michigan   1815 

Mount  DIabto   1851 

Navajo.    18^ 

New  Mex'co  Principal . . .  1855 

Principal   1867 

Salt  Lake   1^ 

San  Bernardino   Ite2 

Second  Principal   1^55 

Seward   1911 

Sixth  Principal   1855 

St.  Hetona   1819 

St.  Stephens   18(K 

Tallahassee   1824 

Third  ftlnclpai   1K» 

lilntah  ,   1S75 

Umiar'^. .  -   1956 

Ute. , . ,   1880 

Washington   1803 

WHIamette  , ,  1851 

Wind  River . . ,  _   i875 


South  Dakota   43 

Idaho   43 

Mississippi  

...do   31 

Oklahoma   ^ 

Alaska   61 

...do   64 

Arkansas,  Iowa,  Minnesota, 
Missouri,  North  Dakota,  and 

South  Ctokota   34 

Ohio  and  Indiana   40 

Illinois   40 

Minnesota  and  Wisconsin   42 

Arizona   33 

California.   AO 

Atabama  and  Mississippi   34 

Oklahonrta   34 

Alaska  ,   B^} 

Louisiana   31 

Michigan  and  Ohio   42 

Caltfornia  and  Nevada   37 

Arizona   35 

Colorado  and  New  Mexico   34 

Montana   45 

Utah   40 

California   34 

Hllnols  and  Indiana   38 

Alaska   6C 

Colorado,  Kansas,  Nebraska. 
South  Dakota,  and  Wyoming  . .  40 

Louisiana   30 

Alat^ma  and  Mississippi   30 

Florida  and  Alabanna   30 

Hllnols   38 

Utah  ,   40 

Alaska   69 

Colorado  3B 

Mississippi  _   30 

Oregon  and  Vteshington   45 

V^omlng   43 


> 

e 

f 

59 

44 

104 

03 

18 

22 

21 

116 

23 

35 

01 

58 

S9 

14 

47 

52 

14 

41 

30 

05 

103 

00 

07 

49 

04 

145 

18 

37 

51 

50.046 

147 

38 

25.949 

38 

45 

91 

03 

07 

59 

22 

84 

48 

11 

00 

50 

90 

27 

11 

30 

27 

90 

25 

37 

22 

38 

112 

18 

19 

25 

02 

124 

07 

10 

59 

27 

ftg 

34 

16 

29 

32 

97 

14 

49 

26 

16.374 

158 

45 

31.014 

(K) 

31 

92 

24 

55 

25 

28 

84 

21 

5'' 

52 

54 

121 

54 

4/ 

44 

56 

m 

31 

59 

15 

35 

m 

53 

12 

47 

13 

111 

39 

33 

46 

11 

111 

53 

27 

07 

13 

11B 

55 

48 

28 

14 

m 

27 

21 

07 

37 

149 

21 

26 

00 

07 

97 

22 

08 

59 

91 

09 

36 

59 

51,463 

68 

01 

21.076 

26 

03 

84 

16 

38 

28 

27 

89 

08 

54 

25 

59 

m 

56 

06 

23 

29.654 

152 

TO 

04.551 

06 

23 

108 

31 

59 

59 

56 

91 

09 

36 

31 

11 

122 

44 

34 

00 

41 

vm 

48 

49 

^  U.S.C.  &  G.S-  Station  "Initial  1941"  Is  located  S.  68*  44'  E.  2.85  feet  distant  from  the  Inltia!  point  of  the  Fairbanks 
Meridian.  The  geodetic  elation  (latitude  64*  51'  50.037*  N.,  longitude  147*  25.883 W  l  was  inadvertently  used  as  the  ongin 
from  which  to  compute  positions  w  the  Fairbanks  Mefldtan  protfaction  diagrams 

^The  Kafee)  River  initial  point  Is  Identical  with  U.S.C.    O.S-  station  Vey,  1953". 

^The  Umlat  Initial  point  Is  identical  with  U.S.C  A  G.S.  station  "Umiat.  1953;'  Positions  are  as  published  by  the  United 
States  Coast  and  Geooctic  Survey. 
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HANDOUT  #2  —  SUBDIVISION  STEPS 


suBDn  isuiN  or  a  trach^ 

SUBDi VISION  OF  A  TOW  NSHIP 

Starting  point 

SI"  corner  of  SW  township 

SW  corner  of  SE  section  (36) 

Meridional  \it^ 
Namtr 
Dircctk)ti 
Length 
Corners  t^i 

Range  hr^ 
True  north 
6  mi  =  480  vh 

Quarier-Mxrtioi  and  weciion  ctn  ner«; 
at  4(1  and  80  ch  ahernwiejy 

Section  line 

North,  parallel  with  east  range  line 
1  mi  »  1^  ch 

Quarter-^tion  corner  at  ^  th;  section 
e^irner  at  80  ch 

LatUudtiml  limrs 
Name 

Direction  of  random 
Length 

Permif>!;abk  enor 

Ibwakhip  line 
TYue  east-\*TM  parallel 
6  mi  less,  eonvergeiKC 
3  ch»  length  m  falHu]^ 

Section  line 

Fast,  parallel  with  .south  side  of  «^tion 
1  rni 

M)  Ik,  length  or  falling 

Distribinlon  of  error 
Falling 

Distance 

Corners  moved  propin tionatcly  from 

random  to  true  line 
AU  mor  thrown  intu  wesl  quarter- 

section 

C  orners  moved  proportionately  from 

random  to  trtie  Hne 
Lrror  divided  equally  between 

quarter -sections 

f^^brk  repcaii'd  until  north  %kk  of  area  is  frached.  Subrfiviskm     imt  area  m  the  mprih  qf  (he  range  of  lowmhips  and  sections 

CASF  i.  WHEN  I JNE  ON  THE  N(»TH  IS  A  STANDARD  mRALLFX 

mM 

SUBDIVISION  or  A  TKACr 

SliBDIVLSION  OF  A  TOWNSHIP 

Direction  of  line 

Tim  north 

North,  parallel  whh  east  range  line 

Distribution  of  cnor 
in  length 

Placeju  in  north  quarter  Hnriiori 

Placed  in  north  quarter-seciii*^ 

Corf>er  placed  at  end 

CloMng  corner 

Closing  ^-orner 

PermLv^hle  error*; 

Specified  in  Manual  of  Surveying 
instrucfkms 

S|«cif  jed  in  Manual  of  Survvying 
irvarui^kms 

C4Sl:  IL  WHKN  LINK  ON  i  UK  \ORTH  IS  SOT  A  «^TANDARD  FARALLEl. 

Wrection  of  fine 

No  c«se 

Ran(k»n  north  &Sid  correct  back  to 
scaion  corner  already  e^ablished 

DiMributioD  of  error 
in  le^igth 

Sarnc  as  case  1 

lOfher  rmges  of  iowmhips^  timi  seaton^^  amfmual  untii  dl  Ni(  inv  are  imd  out.} 

l.ocatron  of  last  two 
ran^ 

On  eas!  side  of  tract 

On  west  side  of  township 

Next  to  last  range 
$ut>dlvlded 

As  before 

As  t^fore 

La&t  nmge 
Directicm  of  random 
Nominal  length 
Cormiion  fur 
temporary  corners 

True  east 

6  mi  Uss  conxergence 
Coff^crs  mined  ptoixHUunaidy 
fioni  random  to  true  line 

\Vl*sierly,  parallel  with  hovAh  sitk  of  section 
1  mi  Ies>s  convergence 
Ct)rners  moved  proporlionalcly  from 
random  to  true  line 

Distribution  of  «Tor 
of  closure 

Corners  moved  wesltnrfy  (or  easterly) 
to  place  error  in  west  quartcr- 
»^iion 

Corner  placed  on  the  true  line  so  that 
ttnal  error  falls  in  west  quaner- 
section 
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ASSIGNMENT  SHEET  #1      ANSWER  QUESTIONS  BASED  ON 
THE  PUBLIC  LAND  SURVEY  SYSTEM 

Directions:  Using  the  U,S.G.S.  73  minute  quadrangle  map  provided  by  your  instructor,  answer 
the  foHowing  questions: 

Questions 

1.  The  scale  of  this  maps  is   ^        .  ^  .   

2.  The  map  series  is   .  ^  

3.  The  contour  interval  is  _„  .  . 

4.  Date  of  iss^e  „       . 

5.  Magnetic  decimation  at  date  of  issue._  ^  

6.  Year(s)  of  original  survey  ^   

7.  Year  of  revised  (updated)  survey.  

8.  What  would  be  the  next  map  to  the 

south'  .  ,   ,  . 

west:      .  

north:    ^     ^ 

east:  .  .   ...  

SE:   

SW:   _   ^   

N  W:.  .......  ^  ^ .  „^  

NE:    

9-     In  parts,  what  rangeis)  is  covered  by  the  map?,  

10.  In  parts,  what  township(s)  is  covered  by  the  map?  

11.  Approximately  how  many  square  miles  are  covered  by  this  map?  

12.  Choose  three  cultural  iocations  such  as  church,  water  tank,  etc.,  and  give  the  legal 
description  of  each  location. 
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ASSIGNMENT  SHEET  #2  —  WRITE  AND  LOCATE  DESCRIPTIONS 
FOR  THE  SUBDIVISION  OF  A  SECTION 


PART  I  -  WRITE  DESCRIPTIONS  FOR  THE  SUBDIVISION  OF  A  SECTION 
Directions:  Write  the  legal  description  c^nd  acreage  of  the  shaded  area  of  each  section  given. 
Example: 

SW    secnoN  3 


NOF^TH 


WEST 


}  

I 

ACRES:  160 


EAsr 


SOUTH 


A. 


NORTH 


B. 


NORTH 


WEST 


10 


FAST  WEST 


36 


EAST 


lOUTH 


SOUTH 


ACRES:. 


ACRES: 


668 


C. 
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D, 


WEST 


t 

\  

.....  ...J 

1 

1  ASl  vvt's: 


-2 


tAST 


SOUTH 


SOUTH 


ACRES:. 
E, 


NOfVTH 


ACRES;. 
F. 


WEST 


15 


20 


SOUTH 


r.Ourn 


ACRES;  


ACRES: 


ERIC 
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F'ART  I!      LOCATE  vSUBDlVISiON  OF  A  SECTION 


DifCfCtiofuv  The  ii!u.stratiOf^ts  giV(Hi  are  blocks  tha!  represent  seci^ons  and  legal  di-tscri^'tionr. 
VsmQ  thr  descriptions  cjiven,  do  tho  foilowing: 

1.     Li^bc!  \Uv  spclion  nuniUer  in  the  center  of  section. 

;^      SiitKlivuir  each  s(?ction  accc^rdiny  to  the  legal  description.  Shade  this  CJica  in. 
3     Give  acreage  oi  the  shaded  area  in  space  provided. 


— ^ 


Given  Descriptions 

Example:  NE      SECT  2 


NOMIH 


C  SW  '/4,  NVV       SW      SECT  7 


D.  SE  v.;     S  ^^ .  NE      SECT  23 


E.  N       SECT  b 


P.  S      Mf.       SW  'm,  SECT  1G 


.SOUTH 


ACRES:  160 


A. 


NOHTH 


ACRES: 


570 
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NOHTM 


SOUTH 


T 


1 


SO;.  'H 


WEST 


ACRES:   . 

T 


-  I  AST  wrs! 


SOUTH 


SOUTH 


ACRES: 


ACRES;  . 
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ASSIGNMENT  SHEET  #3  —  RESEARCH  AND  OBTAIN  DEED 
DESCRIPTIONS  OF  AN  ASSIGNED  TRACT  OF  LAND 

Directions: 

1.  Visit  your  local  county  courthouse,  register  of  deed  office. 

2.  Have  someone  help  you  locate  the  original  plat  and  description  of  the  parcel  assigned 
by  your  instructor  using  one  of  the  following: 

a.  Legal  descripton 

b.  Sectional  description 

c.  Parcel  number 

3.  Recopy  the  legal  description, 

4.  Record  the  original  surveyor. 

5.  Record  the  date  of  the  original  survey, 

6.  Note  any  encumbrances, 

7.  Retrace  any  sales  of  property  or  transfe?  of  ownership. 
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ANSWERS  TO  ASSIGNMENT  SHEETS 


Assignment  Sheet  #1  —  Answers  will  vary  depending  on  which  U.S.G.S.  7.5  minute  qi-ailTan- 
gle  map  Is  used.  Evaluate  accordingly. 

Assignment  Sheet  #2 

PART  i 

A.  NW  '/.I,  NW  '/.I,  SECT  10  (40  acres) 

B.  S  ♦/:•.  NE  Va,  sect  36  (80  acres) 

C.  N  V;-.  S'h.  BE  V^.  SECT  9  (40  acres) 

D.  E  v..  NW      NE  '/...  SECT  2  (20  acres) 

E.  SW     and  N  V:-,  SE      SECT  15  (240  acres) 

F.  N  '/A  NE  V4,  NE  V^.  SECT  20  (20  acres) 


PART  11 


10 


FAST 


wi  sr  - 


NOHIH 


SOUIH 


SOUTH 


A.      40  acres 


B.      80  acres 


ERLC 


52  i; 


574 


ANSWERS  TO  ASSIGNMENT  SHEETS 


WES?  - 


10  acres 


SOUTH 


-  FAS1 


vvEsr  - 


D. 


240  acres 


NorriH 


FAST 


BOUrH 


NORTH 


y':^  ■■/ J /////// 


E.      320  acres 


'///A 


,  7/// 


NORTH 


F.       20  acres 


Assignment  Snoet  #3  —  Evaluated  to  the  satisfaction  of  the  instructor, 


ERIC 


BOUNDARY  SURVEYING 
UNIT  Xt 


JOB  SHEET  #1  -  RETRACE  BOUNDARIES  FROM 
A  DEED  DESCRIPTION 

Tools  and  materials 


1. 

Theodofite  —  transit  (tripod) 

2. 

Chain 

3. 

Chaining  pins 

4. 

Range  pole 

5. 

Plurrtb  bob 

6. 

Metal  locator 

7. 

Shovel 

8. 

Field  book 

9. 

Copy  of  deed  descr  ption 

Procedure 

1.  Obtain  copy  of  deed  from  local  county  courthouse  or  register  of  deeds. 

a.  Research  parcel  and  adjacent  properties  for  any  recorded  easements  or 
encumbrances, 

b.  Research  adjacent  property  for  any  recorded  monuments  or  ties  to  them. 

2.  Locate  the  parcel  of  land  and  briefly  note  any  fences,  agricultural  markings, 
hedges,  etc.  that  can  sometimes  indicate  ownership. 

3.  Begin  to  retrace  the  property  by  locating  one  of  the  property  corners  and  verify- 
ing its  position. 

(NOTE:  The  corner  could  be  below  grade.  A  metal  locator  may  be  needed  to  find 
burled  metal  corner  markers.) 

4.  Once  this  corner  Is  found  and  marked,  use  the  copy  of  the  deed  to  retrace  the  dis- 
tance and  angle  or  bearing  recorded  on  it  to  try  to  establish  its  adjacent  corner. 


JOB  SHEET  #1 


Repeat  this  process  from  corner  to  corner  around  the  perinf>eter  of  the  tract. 

(NOTE:  Many  times,  all  corners  cannot  be  found  or  some  may  be  destroyed. 
Resetting  of  any  corners  should  only  be  done  by  registered  land  sun/eyors  or 
strictly  under  their  direction.) 

Once  complete,  check  with  your  instructor  to  see  if  you  should  reference  the 
tract  to  the  nearest  section  or  quarter  corner  with  a  horizontal  distance. 


UNIT 


TEST 

Match  the  terms  on  the  right  with  the  /ot^  -  !  ^^.^-^  '^^t    '  - 

 a.      A  survey  tine  that  ^;'»^^n^^;       *n^xv'^  '"hJ; 

water  marks  and  is  usv\3       ;  iOit»nq 
protraction  of  area  only 

 b.       Snnaller,  identical  parts  o?  ;uir.  < !.       ^ .* 

divided  from  a  tarqe  parct^i     l.ifui  vi*  *  1 
subdivisions 

The  meridian  of  lonqituciv^  v)'\  tho  »V';;-.i'.^.r- 
of  Greenwich,  EnqU^nd 

A  survey  that  is  perfonncd  ur-ij/tl^  /  ■ 

certain  parcel  of  land  to     ^:r^:^i^v^  .-^ 

ship  and  the  U^ga!  !ocatio^^o'  .'-  ^ 
its 


.0. 


A  principal  parailfvl  \mc         ri;:-;  . 
oast  and  west  that  is  uM'^a     t/sl/r  •  ..^ "  ^^a 
the  rectangular  puhiic  iaf*U  :.v:.*'  mj  -m-.. 
descriptions:  is  ujn  a*-.t^or..'''^';^.v:\  !'\  ^  :  • 
veyors 

Legal  document  wh^rh  '.]'>rri*^^  .  ' 
ship  of  the  land 

A  survey  that  locatv^:  prup*.  -/n-.-^v 
boundary  lines:  usu.^'is  clo:*;:  a*^'  !' 
verse 

A  method  used  when  locatinn  puswrtv 
ners  of  effectveiy  distrii>unno  t^n  f    '  i^r 
deficiency  ot  error  within  the  ar^t^mri: 
nearest  monument  toun'j 


Permanent  objec:!  ttiat 
points 


.1. 


A  survey  line  that     run  K.ni%\i!!*i  tlKi:  a 

not  exactly  in  the  cnrrf>r.i  f.i  jf  l^\A  - v-. 

established,  calculal^nj  ?u.)h!  ir^'.; 

can  be  calculated  to     if^fmno  in,, 

A  niendiaf^  estat^SJ^^^a^;  tr-  ^  ■ 

iishing  a  roferencn  Mm  f?'  :  /?  ;r  ; 
of  the  rectangular  svv^ja! 


1    Aijqi.'ot  parts 

Bn^^e  line 
a  Boundary  survey 
o.  Ci^rnrai  meridian 

t    L.uid  su/voy 

'    Lee.al  description 

l\   I  nrKjitude 

Mean  dor  hne 
:v\  Meri<}tan 
' '  Monij^nt^nt 


TEST 


 m. 


 p. 


 r. 


u. 


Line  of  longilucJe  that  runs  straight  north 
and  south;  is  run  astronomically  by  survey- 
ors 

A  written  statement  recognized  by  law  as  a 
definite  location  of  a  tract  of  land  by  refer- 
ence to  a  sun^ey,  recorded  map.  or  adjoinlnq 
property 

The  line  of  longitude  at  the  center  of  a  pro- 
jection 

A  preliminary  survey  used  to  obtain  informa- 
tion about  a  specific  site 

A  method  of  identifying  a  specific  parcel 
within  a  tract  of  land 

A  type  of  land  survey  in  which  the  legal 
boundaries  of  an  area  are  located  and  the 
area  is  divided  into  parcels  of  lots,  streets, 
nght-of-ways,  etc. 

The  division  of  a  township  such  as  into  a 
section,  half  section,  quarter  section,  quar- 
ter-quarter section,  or  sixteenth  section  or 
lotting,  section,  township,  and  range  num- 
bers and  the  description  of  the  principal 
meridian  to  which  referred 

Any  or  all  of  those  areas  of  land  ceded  to  the 
federal  government  by  the  original  states 
and  to  such  other  lands  as  were  later 
acquired  by  treaty,  purchase,  or  cession  and 
are  disposed  of  only  under  the  authority  of 
Congress 

Arc  distance  measured  in  degrees  east  and 
west  from  the  prime  meridian 

The  process  of  plotting  the  interior,  unsur- 
veyed  boundaries  of  an  official  plat 

A  method  of  locating  a  point  by  measuring 
angles  between  a  point  of  known  location 
from  the  point  in  question 


12.  Parcel  number 

13.  Prime  meridian 

14.  Principal  meridian 

15.  Prorating  or  propor- 
tioning 

16.  Protracting 

17.  Public  domain  (lands) 

18.  Random  line 

19.  Reconnaissance 

20.  Resection 

21.  Subdivision  (USPLS) 

22.  SutKJivision  survey 


List  three  purposes  of  a  boundary  survey. 


TEST 


Match  the  types  of  boundary  survoys  on  the  ruihl  vvitfi  the  coffO^:i  deftnti«ons^. 

  a       Subdivide  land  »fito  more  Cf  less  regular       1.  Unfiuia!  sbMvcvn 

tracts  in  accordance  with  a  prcar ranged 

^  Usually  performc^d  when  a  tract  ha^^  noi       J.  Sutxiivisioii  ^iir.^eys 

been  prcviou'oSy  surveyed  and    b<^ing  trann 
f erred  from  one  owner  to  another 

 c.       Reestablish  the  boundaries  of  a  tract  of 

land  for  which  a  survey  has  previously  been 
made 

  The  surveyor  is  guided  by  a  descriptior) 

based  upon  the  original  sun^^ey  and  by  evi- 
dence on  the  ground 

 e.       Usually  performed  when  large  tracts  of  huid 

are  divided  into  many  parcels  for  deve  op 
fTient  by  several  individual  owners 

 t.       Measure  unknown  lengths  and  direction!F>  of 

boundaries  not  previously  established 

Select  the  foUowing  true  statements  concerning  legal  interpretation  o?  evidence  by 
placing  an  '^X"  next  to  the  true  statements. 

.   a.      The  universal  principle  of  law  endeavors  to  make  the  doed  effectual  father 

than  void,  and  to  execute  the  actual  "intent '  of  the  contracting  parties. 


_.b.  Monuments  which  mark  the  cc^rners  of  ihv  parties  concer r^ed  are  consid- 
ered inadequate  forms  of  evidence. 

„c.  A  corner  established  with  a  monument  mil  prevail  agamsf  ai!  otfier  forms 
of  evidence,  providing  there  is  reason  to  believe  the  ri^onument  was  set  in 
rvjcordance  with  the  original  intent  and  it  has  noi  boon  disturbed. 

,.^.d.  In  case  of  conflicts  ^^mong  '  calis"  'm  the  deed  or  dimensions  on  h  recorded 
plat,  bearings  control  over  both  distances  amJ  the  area  of  the  tract. 

_e.  Obvious  mistakes  such  as  omissions  of  full  tape  lengths  in  a  dimension  or 
the  transposition  of  words  "northeast"  for  "northwest  *  will  destroy  the 
validity  of  a  description  even  if  it  is  otherwise  complete  and  consistent. 

_f.  In  the  case  of  a  description  having  two  or  more  interpretations,  the  one 
favoring  the  purchaser  will  prevail  over  an  other* 

 g.       Land  described  as  being  bound  by  highways  or  streets  conveys  ownership 

up  to  5  feet  from  the  edge  of  the  highway  or  street.  Any  variation  from  this 
must  be  explicitly  stated  in  the  description 

 h.      Errors  found  rn  original  government  surveys  do  not  affect  the  boimdanes 

establistied  under  those  sun^^eys.  arid  will  remain  ^ed  as  originally  estab- 
lished. 


TEST 


L.:;!  ;oui  cufv-nuMi  typos  of  monunientation  found  whon  setting  boundary  lines. 


Con  rk'tr-  the  following  cfiart  of  abbreviativins  used  for  marking  monuments. 


a    AfTiencied  (new  corner 

nosftton  when  oid 
H'fn-iinni 

h.    AP         .        ,   _ ,   

r.  BO 

d     ..    .       Bfuinni,;  iroe 

CC     _ 

.  .  Mile 

a  Moandr-r  cornnr 

n  Public   land  (unsui- 

voyf>d( 


Complete  statements  concerning  the  estx-^blishment  of  the  U.S.  public  land  sun^ey  sys- 
teni  by  Circling  the  oorroct  v  ords. 

a.       "ihou-^  are  i25.  35!  prif  .lipal  meridians, 

b       There  are  (32,  351  base  lines. 

r.       Point  of  intersection  of  principal  meridian  and  base  is  the  beginning  for  the  lay- 
mg  out  of  {townships,  sections). 

ii       'JA  rriiics  sqih-j'rs  are  than  ostablished  with  (correction  lines,  guide  meridians)  to 

\hv.  north  arui  south  of  the  base  line. 


i.  R 


J.  RM   .  

k.    Standard  corner 

I.    Township 

m.     Tract 

n.  WC   

o.  WP 


TEST 


c?.      Township  linos  are  (north-south,  east-west)  lines  nt  six  mile  intcrvats  parallct  to 
the  base  line. 

f.  Range  lines  are  (norlh-south,  east-west)  lines  at  six  mile  intervals  paraHe!  to  the 
principal  mendian. 

g.  A  Congrcssionaj  act  .n  17%  directed  each  townsiiip  to  be  subdivided  uito  \24, 36) 
sections. 

h.  Each  section  measures  approximalely  (one,  six)  square  mileis). 

i.  The  sections  in  each  township  are  numbered  consecutively  wi^h  #1  in  the  (north- 
west, northeast)  corner  of  the  township. 

j.       Fractional  sections  border  on  the  north  and  (east,  west)  of  the  township. 

Select  from  the  following  list  the  states  not  subdivided  under  the  U.S.  pubHc  land  sur- 
vey systenn  by  placing  an  **X"  in  the  appropriate  blanks. 


 a. 

Tennessee 

Texas 

 c. 

Mississippi 

...  d. 

Georgia 

e. 

Alabama 

 f. 

Virginia 

Michigan 

Pennsylvania 

 .  i. 

New  York 

Florida 

....  k. 

Kansas 

 I 

California 

Complete  statements  concerning  the  subdivision  of  a  section  by  circling  thf>  correct 
words. 

a.  In  1800  Congress  directed  that  a  section  could  be  subdivided  in  (north  and  south, 
east  and  west^  halves  (320  acres  each). 

b.  In  1805  Congress  directed  further  subdivision  into  (fractional*  quarter)  sections 
and  the  monumenting  of  all  those  corners. 


582 


TEST 


c.  At  later  dates  Congress  directed  further  subdivision  of  the  section.  The  quarter- 
quarter  section  of  (40.  80, 160)  acres  is  the  smallest  statutory  division  of  regular 
{sections. 

ii  Legal  descripuons  of  land  which  follow  the  regular  subdivision  of  a  regular  sec- 
t?on  must  include  the  (principal  meridian,  base  line),  section,  township,  and 
range. 

e.  A  helpful  tip  in  reading  a  legal  description  of  a  section  to  locate  a  tract  of  land  is 
to  {read  it  backwards,  locate  the  township) 


f. 


A  complete  description  always  begins  with  the  (smallest,  largest)  division. 


10.     Arrange  in  order  the  steps  used  for  performing  a  boundary  survey  by  pl.jcing  the  correct 
sequence  numbers  (MO)  in  the  appropriate  blanks. 

 A  plan  of  the  property  boundaries  is  drawn, 

 b.      The  distances  and  angles  are  measured  and  carefully  recorded  in  the  field 

notes. 

 c,      A  deed  description  and  survey  plan  is  submitted  to  the  client  and  to  the 

local  county  registry  office. 

 -  -  ^-      A  copy  of  the  offer  to  purchase  or  any  other  document  related  to  the  prop- 

erty  boundaries  should  be  obtained. 

-P.^  .  e.      The  area  of  the  parcel  is  calculated  and  shown  on  the  plan  drawing. 

 f.       The  rectangular  coordinates  of  each  property  coffier  are  calculated. 

 g.      The  other  corners  are  cstatjiished  by  a  variety  of  field  methods. 

 h.      A  reference  monument  or  corner  to  the  township  must  t>e  located  or  rees- 
tablished, 

 i.       A  deed  description  is  prepared  using  one  of  the  standard  methods. 

 The  property  line  adjacent  to  the  street  or  highway  must  be  determined. 

(NOTE:  If  the  following  activities  have  not  been  accomplished  prior  to  the  test,  ask  your 
instructor  when  they  should  be  completed.) 

11.  Answer  questions  based  on  the  public  land  survey  system.  (Assignment  Sheet  #1) 

12.  Write  and  locale  descriptions  for  the  subdivision  of  a  section.  (Assignment  Sheet  #2) 

13.  Research  and  obtain  deed  descriptions  of  an  assigned  tract  of  land.  (Assignment  Sheet 
#3) 

14.  Demor.straic  the  ability  to  retrace  boundaries  from  a  deed  description.  (Job  Sheet  #1) 
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BOUNDARY  SURVEYING 
UNIT  XI 


ANSWERS  TO  TEST 


a. 

9 

11 

q 

2?. 

b. 

1 

j 

18 

r 

21 

c. 

13 

k. 

14 

s. 

17 

d. 

3 

1. 

10 

t. 

8 

e. 

2 

in. 

7 

u. 

16 

f. 

5 

n. 

4 

V. 

20 

9- 

6 

0. 

19 

h. 

15 

P- 

12 

Any  three  of  the  following: 

a.  To  secure  the  necessary  data  for  writing  a  legal  description  of  the  tract  of  land 

b.  To  define  the  boundaries  of  the  property  with  visible  objects 

c.  To  determine  tne  area  of  a  designated  tract  of  land 

d.  To  reestablish  the  boundaries  of  a  previously  surveyed  parcel  of  land 

e.  To  subdivide  a  tract  of  land  into  two  or  more  parcels  of  land 


a.  3 

b.  1 
c  2 

d.  2 

e.  3 

f.  1 


a.  c.  f.  h 


Any  four  of  the  following; 

a.  A  wrought-iron  pipe,  zinc  coated.  2  in.  inside  diameter,  30  in.  long.  {The  lower  end 
is  split  for  4  or  5  in.  and  spread.  A  brass  cap  is  fastened  to  the  top.  The  pipe  is 
filled  with  concrete.  It  is  set  with  three-quarters  of  its  length  in  the  ground.) 

b.  A  durable  native  stone  at  least  20  by  6  by  6  in ,  set  with  three-quarters  of  its 
length  in  the  ground 

c.  A  cross  mark  on  surface  rock 

d.  A  tablet  set  in  surface  rock 

e.  A  living  tree  when  it  occupies  the  position  of  the  corner 

f.  A  steel  rod 

g.  A  wooden  post 

h.  A  deposit  of  charcoal  or  glass  or  any  durable  artificial  material  (called  a  memo- 
riaf) 


a. 

AM 

i. 

Range 

b. 

Angle  point 

i. 

Reference  monument 

c 

Bearing  object 

k. 

SC 

d. 

BT 

1. 

T 

c. 

Closing  corner 

m. 

TR 

f. 

M 

n. 

Witness  corner 

g 

MC 

o. 

Witness  point 

h. 

PL 

684 


ANSWERS  TO  TEST 


c.  Townships 

V  East- west 

!.  North-south 

{}.  3C) 

h.  One 

j.  West 

8,  a.  U  d.  f.  h.  ! 

9.  a.  East  and  west 

b.  Quar  tor 
C  40 

(1  Principal  mfribirjn 

o.  Read  it  backwards 

f.  Smallest 

10.     a.  7  '6 

t)  5  9  ^ 

c,  to  It  2 
d  1  1,  9 
c;.  8               i-  3 

■'I. -13.     Evaluated  to  the  satisfaction  ot  the  iDstructor 

14,     Pofiornujnco  skills  evaiuatcd  to  the  satisfaction  of  the  instructor 


CONTROL  SURVEYS 
UNIT  Xil 


UNIT  OBJECTIVE 

After  completion  of  this  unit,  the  student  should  be  able  to  distinguish  between  types  of  con- 
trol surveys  and  reference  datums,  complete  statements  concerning  FGCC  accuracy  stand- 
ards, global  positioning  systems,  and  celestial  observations,  and  determine  the  direction  of  a 
line  by  polar  observation.  Competencies  will  be  demonstrated  by  correctly  performing  the  pro- 
cedures outlined  in  the  assignment  and  job  sheets  and  by  scoring  86  percent  on  the  unit  test. 

SPECIFIC  OBJECTIVES 

After  completion  of  this  unit,  the  student  should  be  able  to: 

1.  Match  terms  related  to  control  sun/eys  with  the  correct  definitions. 

2.  State  the  purpose  of  control  sun/eys. 

3.  List  items  provided  by  established  horizontal  and  vertical  reference  monuments. 

4.  Distinguish  between  the  types  of  control  surveys. 

5.  Dlstinguj^  between  the  types  of  reference  datums, 

6.  Complete  statements  concerning  the  FGCC  accuracy  standards  used  in  control 
surveys. 

7.  Select  true  statements  concerning  global  positioning  systems. 

8.  Distinguish  between  the  techniques  used  in  making  d  .  pier  observations. 

9.  Complete  statements  concerning  inertlal  surveying  systems, 
10.     Complete  staterrrents  concerning  state  plane  coordinates. 
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OBJECTIVE  SHEET 

11.  Complete  statements  concerning  celestial  observations. 

12.  Calculate  the  azimuth  of  a  line.  (Assignment  Sheet  #1) 

13.  Demonstrate  the  ability  to  determine  direction  of  a  line  by  polar  obsen^ation.  (Job 
Sheet  #1) 


CONTROL  SURVEYS 
UNIT  Xil 


SUGGESTED  ACTIVITIES 

Obtain  additional  materials  and/or  invite  resourco  people  to  ciass  to  ^suppieTnent  fcm 
force  information  provided  in  this  unit  of  instruction. 

(NOTE;  This  activity  should  be  compieted  prior  to  the  teaching  of  this  urut.) 

Make  transparencies  from  the  transparency  masters  included  with  this  unit. 

Pjovide  students  with  objective  sheet. 

Discuss  unit  and  specific  obj€?ctives, 

V  ovide  studcnls  with  information  and  assignment  sheets. 

Discuss  information  and  assignment  sheets. 

(NOTE:  Use  the  transparencies  to  enhance  the  information  as  needed.) 
provide  students  with  job  sheet. 

Discuss  and  demonstrate  the  procedure  outlined  in  the  jOb  sheet. 

inleqrate  the  foHowing  activities  thromjhout  the  teachirig  of  this  unit: 

1      Jnvite  a  land  surveyor  to  discuss  with  the  class  the  tundamentais  and  properties  of 
state  plane  coordinates. 

2.     }  iave  students  make  solar  observations  to  determine  direction  oi  a  line. 

3      Have  students  write  a  research  paper  on  ''global  positioning  systems  " 

4.     Obtain  a  copy  of  your  state's  information  on  state  plane  coordmates, 

6.     Meet  ir^divkiualiy  with  students  to  evakiato  their  progress  through  thir.  unit  of 
instruction,  and  indicate  to  them  possible  areas  for  improvement. 

Give  test. 

Evaluate  test. 

Reteach  if  necessary 


INSTRUCTIONAL  MATERIALS  INCLUDED  IN  THIS  UNIT 

A.  ObjDClive  sheet 

B.  Information  sheet 

C      Transparency  masters 

1.  TM  1  —  Lambert  and  Transverse  Morcator  Projections 

2.  TM  2  —  Celestial  Sphere 

D.  Handout  #1  ~  State  Mapping  Grid  Systems 

E.  Assignment  Sheet  #1  —  Calculate  the  Azimuth  of  a  Line 

F.  Answers  to  Assignment  Sheet  #1 

G.  Job  Sheet  #1  -  Determine  Direction  of  a  Line  By  Polar  Observation 

H.  Test 

I.  Answers  to  test 

REFERENCES  USED  IN  WRITING  THIS  UNIT 

A,      Kavanagh,  Barry  F.,  and  S.  J.  Glenn  Bird.  Surveying:  Principles  and  Applications. 
Reston,  Virginia;  Reston  Publishing  Co.,  Inc..  1984. 

B      Brinker.  Russell  and  RR.  Wolf.  Elementary  Surveying.  7th  ed.  New  York:  Harper  &  Row. 
1984. 

C.  Davis.  R.E.,  F.S.  Foote.  and  J.H.  Kelly.  Surveying.  5th  ed.  New  York:  McGraw-Hill  Book 
Company,  1966. 

D.  Kissam,  Phillip.  Surveying  for  Civil  Engineers  New  York:  McGraw-Hill.  1976. 
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Terms  and  definitions 

A.  Control  fabric  ~  A  network  of  relatively  permanent  points  that  have  been 
established  with  a  higher  level  of  accuracy  and  are  used  to  reference  vari^ 
ous  smaller  surveys  performed 

B.  Datum  —  Any  level  surface  to  which  elevations  are  referred  (for  example, 
mean  sea  level) 

C.  Distortion  —  The  measurable  amount  something  has  for  an  actual  shape 
versus  its  true  shape 

D.  Frequency  The  number  of  complete  oscillations  oi  an  electromagnetic 
wave 

E  Geodetic  surveying  —  Surveying  areas  of  the  earth  which  are  »arge  that 
their  curvature  must  be  allowed  for  in  ca^  ilations 

F  Magnetic  declination  —  The  horizontal  angle  between  the  direction  taken 
by  a  compass  needle  and  geographic  north 

G  SatoMite  —  A  data  collection  device  or  a  reflecting  station  that  is  placed  In 
a  specific  orbit  around  the  earth 

H  Ofoid  —  A  shape  which  is  derived  by  mathematically  revolving  an 

Qu  .     about  the  earth  s  polar  axis 

I.       Triangulation  —  A  sun/eying  technique  that  involves: 

1.  Precisely  measuring  a  baseline  as  a  starting  side  of  a  series  of  trian- 
gles 

2.  Determining  each  angle  of  the  triangle  using  a  precise  theodolite 

3.  Measuring  a  subsequent  side  of  one  of  the  triangles  as  a  check  for 
ail  calculated  distances  performed 

J.  Trilateration  •--^  Involves  ibe  solution  ^f  triangles  by  using  only  measured 
side  lengths  rather  than  measuring  angles 

Purpose  of  control  surveys  ~  To  establish  precise  horizontal  and  vertical  posi- 
tions  of  reference  mormments. 
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UK     Items  provided  by  established  horizontal  and  vertical  reference  monuments 

A.  Basis  for  originating  subordinate  surveys 

B.  Method  of  orienting  topographic  or  hydrographic  mapping 

C.  Basis  for  determining  property  boundary  delineation 

D.  Control  for  route  and  construction  planning,  design,  and  layout 
lU     Types  of  controi  Sundays 

A.  Horizontal  control 

1,     Used  to  establish  geodetic  latitudes  and  longitudes  of  stations 
Z     Field  procedures  include: 

a.  Triangulation 

b.  Precise  traversing 

c.  Trilateration 

d.  Inertia!  and  satellite  doppler  systems 
e»      Astronomical  observations 

B.  Vertical  control 

1,  Used  to  establish  etovationb  for  a  network  of  monuments  called 
bench  marks 

2.  Field  procedures  include: 

a.  Barometric  leveling 

b.  Trigonometric  leveling 

c.  Differential  leveling 

d.  Inertial  and  satellite  doppler  systems 
V.     Types  of  reference  datums 

A.      Horizontal  datums  used  in  the  United  States 

1.  Use  an  initial  point,  (Vleades  Ranch  in  Kansas,  having  known  geo- 
detic latitude  and  longitude. 

2.  Use  a  fixed  azimuth  from  Meades  Ranch  to  an  intervisible  point 
"Waldor 
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3,     Use  a  spher^>iu  of  kouwh  dunensionn  referred  tu  as  the  Clarke 

a.  Th3S  Uaturn  as  a  ffaniework  was  adjusted  in  1927  and  is 
idoucKi  to  as  iho  Nortti  Ani^uican  Datum  of  1927  (NAD27). 

b.  A  readjustment  a  NAD27  Is  being  presently  done  referred  to 
as  the  North  American  Datum  of  1983.  utilizing  a  new  spheroid 
called  the  Geodetic  Reference  System  1980  (GRSBO). 

SNOTE:  Ait  hoiiTOntai  observations  used  to  establish  more 
than  2t)0.OfX)  stations  m  the  United  Stales.  Canada,  and  Cen- 
tral America  will  be  stn'iuitafieousiy  adjusted  by  the  least 
sqiiares  rneihcxl) 

B.      Vefticai  datums  for  ?e1t'renciny  bench  rnark^ 

1.     Are  bayed  on  m^uin  sea  ievt?i 

2-  Datum  used  in  lr^e  United  Stales  is  the  National  Geodetic  Vertical 
Datum  of  1929  |NIGVD29). 

3.  NGVD29  was  obtained  from  a  best  fit  of  mear^  sea  level  observations 
taken  at  26  gaugi^'*g  stations  hi  the  United  States  and  Canada. 

4.  Since  1929,  mow  than  C2^:),000  Km  of  additional  control  leveling  have 
been  run. 

5.  A  curreni  adjustnK^n!  of  all  vertical  datum  bench  marks  is  being  per- 
formed and  should  be  completed  in  1988  and  will  be  referred  to  as 
the  North  Americar.  Vertical  Datum  of  1981?  (NAVDSS). 

FGCC  accuracy  standards  used  in  control  surveys 

A.       Federal  geodetic  contfo!  nomnuUe^i  (FGCC)  has  prepared  a  set  of  detailed 
classifications,  standards  of  accuracy;  and  specifications. 

1.  To  provide  a  uniform  set  of  standards  specifying  minimum  accept- 
able acc;uTacies  of  controi  sur/eys.  and 

2.  To  estabiish  spocihcations  for  instruments,  field  procedures,  and 
mtsclosurc  chc<:ks  lo  eniHJre  that  the  tntendeil  order  of  accuracy  is 
achieved 

b.      FGCC  specified  orders  of  ac.ruKu  y  ^piven  in  descending  accuracy)  are 
1.      First  ofdp? 
2      Sficond  ofi\vt 
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C.      Horizontal  control  accuracy  standards 


Order  and  Class 

KGiainre  Accuracy  Required  Between 
Directly  Connected  Adjacent  Points 

First  order 

Second  order 
Class  1 
Class  ti 

Third  order 
Class  I 
Class  II 

1  part  in  100.000 

1  part  in  50,000 
1  part  in  20,000 

1  part  in  10,000 
1  part  in  5.000 

Vertical  control  accuracy  standards 

Order  and  Class 

Relative  Accuracy  {Standard 
Error)  Required  Between  Directly 
Connected  Bench  Marks 

First  order 
Class  1 
Class  II 

Second  order 
Class  i 
Class  II 

Third  order 

0.5  mm  X  \  K 
0.7  mm  X  \  K 

1.0  mm  X  \  K 
1.3  mm  X  \  K 

2.0  mm  X  \  K 

where  K  is  the  distance  between  bench  marks  in  kilometers. 

(NOTE:  Thus  a  total  of  5  classifications  are  defined  in  the  specifications  for 
both  horizontal  and  vertical  control  surveys.) 


Global  positioning  systems 

A.      The  U.S.  Navy  Navigation  Satellite  System  encircling  the  globe  is  called  the 
transit  system. 

1.  Five  transit  satellites  are  in  polar  orbit  at  an  altitude  of  1000  km. 

2.  System  was  originally  designed  for  military  guidance  purposes.  It 
has  now  been  adopted  by  civil  authorities  for  positioning  applica- 
tions. 


(NOTE:  This  system  is  rapidly  changing  with  technical  advarjces  and 
increasing  numbers  of  satellites  in  orbit.) 
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3.     Pu*i;nM!tly  bcmq  ropSac£?d  with  the  "Navstar"  ifslaviuation  SateHilo 
T'niinu  uful  Ranguicj)  System. 

a       ConipristHJ  of  18  satellites 

b       fMar (Hi  at  an  nllitiKlc  of  2W0  Km. 

r        S^>».>uW  be  \n  fuM  opef^!ion  by  1987. 

iaioihle  dnppter  systems? 

1.     HfM:e^ve*'s  are  locaied  oi\  ihc  yrcuruJ  to  measure  the  frequencies  of 
radu'>  transmitted  from  satoilitcs  operating  in  a  polar  orbit. 

FlGUFlh  ^ 


SvUc-^'Kr*  Orbit 


The  satuiiaet.  Circle  the  eaf  th  every  105  minutes  sending  out  a  steady 

IraiHunitting  freqiiency 

I  NO']  t  A  controlSed  frequency  \z  transmitted  from  the  satellite  as  ft 
passer  ahove  the  observef's  station.  As  the  frequency  decreases 
from  the  satellite  passing  over,  the  position  of  the  ground  station  can 

be  C;aicufatt;^d.; 

3.     Doppier  sybtems  are  presently  being  used  to  augment  and 
strengthen  ^he  natit^na)  geodetic  network 
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VIII     Techniques  used  in  making  dopplar  observations 

A       Point  positioning     A  rc?ceiver  at  ar)  unknown  po*silion  r.ollocls  data  fr<»m  a 
satellite  making  several  passc\s. 

B.       Translocation  —  HectMvt^rs  at  tv\.>  i»f  nu>U;  st^^Uons  snnuit^ioeoubiy  track 
the  Sc^tt^Hite.  Tho  popitior)  of  one  receivof  niiiSt  t^e  Known  i^iin^e  2) 

FIGURE  2 

Field  Translocation 


Point  A-Contro!  Unit 
^  *  (Known  Posltton)^^ 

^  ^  , 


Point  B'Remote  Unit 
{Unknown  Position) 


C.  Short-arc  —  Fundarnf^ntaHy  the  sanK?  as  irMPslocation.  exr.rpt  correcttons 
are  made  for  \\\v  is^utelhtes  Drt^fiaJ  paruniuit^t^^- 

IX.     Inertia!  surveying  systems  (ISS) 

A.  HavQ  revolutionized  eurrtnit  ronlH.^l  ^;u*vf^v^nci  {-raotirt^?;. 

B.  Are  carried  m  holiroptofr>  or  Utmi  v(>fHt;;lff; 

C.  Arc  onenteci  by  a  conKnitc^f-controHod  procf-ss  cniied  gvrocon^pasr^uig. 
Gyros  sense  tho  eaftr>^  rolattoi^  ;ind  cnont  tr^enisoivtn-^.  tnctnq  north-south 
and  east-west. 
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Ai'celefomotrff-  ithfw  r^Hiiiirod)  f^H^asufC  cofnponents  of  nu')yc?»ment  in 
Jht:  cafciif);^!  darction*^  and  in  olcvations  as  ihey  are  moved  from  point  to 
point.  (Figure  3"> 


Advant^qcr.  ^n:1  v^fHUivantaqr^  vi  ar*  ira?Ttial  system 

a.  tniitpmen!  :s  r^ftnini  and  accurae^^s  ^ue  uriprovincj* 

b.  D  t  fjDl  I  ^:iuin^  direri  .m^qIo  or  distarice  meatiurefnents. 
CkMir  iMio^f.  ot  ^\i)ht  c^iO  not  necest^ary. 

d.       Can  (nprratf  day  ^-^  n^if^t.  rani  or  shine. 
?.  DisaJvaDtafles 

b  Sefvi-.:or4t>iHty  can  t,>*3  diffuufit. 

c  OporatK'nal  rotits  a?**  hiq^ 

d.  High  toubnoloqica!  tfainifK?  is  oecps^ary. 

0  VVif!  not  pfC'SentSy  ttioet  hnji*  arcufacy  requirements  for  first 
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State  plane  coordinates 

A.  Were  established  In  1933  by  th«  U.S.  CoasJ  nnd  Geodetic  Survey. 

B.  Use  a  rectangular  grid  designed  Ic  fit  the  curved  sha^n?  o'  the  earth  to  a 
plane  surface  with  as  little  distortion  as  possil»le. 

C.  Are  used  for  defining  positions  of  gtVHletu:  statiunr,  m  te-ms  of  plane  rec- 
tangular (X  and  Y)  coordinates. 

D.  A!l  states  have  established  by  iaw  j  state  piano  coordincle  system  in  either 
the  Lambert  proioctton  or  the  transverse  Mercator  projection  with  one  or 
more  zones.  ^Figure  4.  Transparency  l.  and  Handout  #1) 

FiGURE  4 


E. 


Lamt>erl  Projection 


Transverse  Mercator 
Projection 


Lambert  and  Mercator  grid  svsteiTis  ear.h  sf-ieci  one  true  nier^dian  iknown 
as  the  centra!  meridian). 
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AM  north-south  lines  of  the  grids  are  drawn  parallel  to  the  central  meridian. 

The  Lambert  projection  grid  assigns  an  X  value  at  the  central  meridian 
axis)  of  2,000,000  ft  and  a  Y  value  at  the  X  axis  <^f  "0"  ft. 

The  Lambert  projection  was  limited  to  158  miles  (approx.)  in  the  north-south 
direction  to  minimize  distortion.  (Figure  5) 


FIGURE  5 


158  Miles 
(Approx.) 


Lines  of  latitude  (parallels)  and  lines  of  longitude  (meridi- 
ans) on  the  Lambert  projection  grid. 

The  Mercator  projection  grid  assigns  an  X  value  to  the  central  meridian  (Y 
axis)  of  500.000  ft  and  a  Y  value  to  the  X  axis  of  "0"  ft. 

The  transverse  Mercator  projection  was  limited  to  158  miles  (approx.)  in  the 
cast-west  width  to  minimize  distortion. 

Coordinates  are  based  on  sea  level. 

(NOTE:  H  the  local  sun/ey  is  tied  into  coordinate  grid  points  and  is  not  at 
sea  level,  it  is  necessary  to  convert  the  geodetic  lengths  to  ground  level  dis- 
tances.) 

Are  used  extensively  for  photogrammetric  plotting  and  electronic  survey 
ing. 

Scale  error  varies  from  zero  up  to  about  one  part  in  10,=XX). 

Use  of  the  state  plane  coordinate  system  depends  on  the  availability  of  a 
sufficient  number  of  geodetic  control  monuments  to  per- nit  the  determina- 
tion of  the  grid  position  of  points  in  the  survey  by  plam-  surveying. 

(NOTE:  Consult  N.G.S.  state  codes  to  determine  the  exte  ^t  to  which  coordi- 
nates have  been  established,  the  form  of  designation  pssigned  to  them, 
and  their  legal  connotation.) 
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Celestial  observations  (Tf;insp.!n*ni  v  v'- 

A,       Poiorhv  commonly  cUli-U  Uiv  Neilh  St. if 

1.      Has  ht'cn  upw!  for  con!i!rrM«;      saiiuf?  for  ruivigation. 

2      i«  {i^tKi  bv  Siii.ovc'is  hv  r Mi.it'.iish  astfurH>n)st:  lisrectionp  on  survov 

3.  Ir.  imetui  bt'«.  ;5us!'  stj^  ^ipf.a'ent  {vith  ol  rinatum  Keops  the  stars  very 
close  to  thp  t'xu  i'Hion  of  thi'  rarttry  poiui  axis  through  the  north 
polr. 

B       ObyoA'ations  of  Ihi'  sun 

1.  Are  usuatiy  more  convenient  th.in  thi:<i,e  u[  dUum  st£?r«  because  the 
sun  ran  he  observed  dufinti  nornial  workiiig  hours 

2.  Duo  to  the  sire  and  speed  at  which  the  sun  appears  to  rrk  ve.  direc- 
tions that  are  bsisod  on  soiar  ot^servniion.s  iue  qcneraliy  less  precise 
than  those  taken  on  the  nt;«r. 

1      t.)ne  day  is    CiHuplotf  rrvo>ulion  4.f  the  i.-arth  on  its  axis. 

2.     O.Mf  si)kif  drtv  iii  ;<r!U"  y  ki^  ttu-  ^.irlial  revolution  ot  angle  K.  tFipure  6) 

iNOTt  Anule  K  trie  rscuKai  rvvvmUoi)  \h<\i  the  earth  makes.  For 
exanipie.  th*:  earth  runk>--.  :m.:s'A?2  levolutions  on  its  axis  while  com- 
pleting it.s  imnuai  orbii  (>f  the  nu!>  Th0  $um  ot  all  partial  revolutions 
1-^  equal  to  one  d;iv  1  f-,.-M  --o!*'  th,  .ri,  :,f^^  305.242?  solar  days  in  a  year.) 


J  ilipti-,  ,ii  p;.!h  :  '  :!i<..  v.-)'!''  ..utMJfiu  ft-e  sufl 
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Tht^  earth  fiuikCB  3t>6.2422  revolutions  on  its  axis  while  completing 
\hv  *inf)ua!  soiar  ofbil. 

U)  24  horns  the  earth  revoivcs  3G0  degrees  ct  longitudes  and  in  1  hour 
the  e.^rth  fovolves  throuqh  15^  of  longitude. 

l))v  -eUitionship  between  tin^e  and  longitude  is  summarized  3S  tol- 


24  liuurs  -  360^ 
1  houf  -  15^ 


1  rninule  =  16' 
1  Second  - 


360**  =  ?4  hours 
1^  t=:  4  minutes 
r  ^=  4  seconds 


1 "  ^  0.067  seconds 


Lambert  and  Transverse  Mercator 

Projections 


Characteristics 


Laml>ei1  Conformal 


Transverse  Mercator 


Parallels 


Meridians 


Appearance 
of  Grid 


Arcs  of  Concentric 
Circles  Nearly 
Equally  Spaced 


Curves  Concave 
Toward  Nearest 
Pole 


Straight  Lines 
Converging  at 
the  Pole 


Complex  Curves 
Concave  Toward 
Central  Meridian 


yiimim 


Great  Circle 


Approximated  by 
Straight  Line 


Curved  Line 


Rhumb  Line 


Curved  Line 


Curved  Line 


Distance  Scale 


Nearly  Constant 


Nearly  Constant 


Graphic 
Illustration 


Secant  Cone 


Cylinder  Tangent 
Across  Polos 


Oriain  of 
Proj&ctors 


Distortion 
of  Shapes 
and  Areas 


Center  of  Sphere 


Center  of  Sphere 


Very  Little 


Increases  Away 
from  IVJeridian 
of  True  Scale 


S-603 

Celestial  Sphere 


Z  K  Observerls  Zenith 

t  e  LHA  or  (360'-LHA) 
wnicnevw  is  Smalter 


TM2 
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HANDOUT  #1  ~  STATE  MAPPING  GRID  SYSTEMS 


The  mapping  grid  systems  used  in  the  United  States  vary  from  state  to  state,  and  in  some 
cases,  from  state  zone  to  state  zone.  The  following  is  a  listing  of  the  states,  their  zones,  and 
the  grid  system  used  per  zone.  It  will  be  observed  that  there  are  two  grid  systems  used  In  the 
United  -States:  the  Laml^art  conformal  projection,  and  the  transverse  Mercator  projection. 


sunt  WHi  Xqiic 

M^^tS  Grid  SymiB 

Alat>dma 
eastern 
western 

transvenc  Mercator  projection 
transverse  Mercator  projcctton 

Alaska 
zone  1 
zones 
zone  10 

oblique  transverse  Mercator  projecton 
transvcr^  Mercator  projection 
Lambert  conformal  projection 

Ariron« 
eastern 
ccntfdt 
western 

transverse  A^ercator  projection 
transverse  Mercator  projection 
transverse  Mercator  projection 

nortI\crn 
southern 

Lambert  conformal  projection 
Lambert  conformal  projection 

CAlifomia 
«>nc$  1-7 

Lambert  conformal  projection 

Coiorodo 
northern 
centre! 
southern 

Lambert  conformal  project) t^n 
Lambert  conformal  projection 
Lambert  conformal  projection 

Connecticut 

Lambert  conformai  proJectK>n 

r>eiowdne 

transverse  Mercator  projection 

edstern 
we«ern 
northern 

transverse  Mercator  projectkjn 
transverse  Mercator  p-c^tlon 
Lambert  conformal  projection 

Oeo^la 
cKtern 
wesfern 

transverse  Mercator  projection 
transverse  M^cator  pro^ion 

zones  15 

transverse  Mercator  projection 

Idaho 
eastern 
central 
western 

transverse  Mercator  projectton 
transverse  Mercator  prelection 
tramverse  Mercator  projection 

HHno^ 
eastern 
western 

transverse  Mercator  projection 
transverse  A^cator  projection 

!nd)«na 
extern 
western 

trans^^rse  Merortor  pro^ctlon 
transverse  Mercator  projection 

k>wa 
southern 

Libert  conformal  pr option 
Umrtjert  confornml  projection 

State  aiut  Xone 

Kansas 
northern 
southern 

Lambert  conformal  prnjectton 
Lambert  conformal  projection 

Kentucky 
southern 

Lambert  conformal  projection 
Lambert  conformal  projection 

Louisiana 
rK>rthem 
southern 

Lamtjert  conformal  projection 
Lambert  conformai  projection 

ontoil  lie 

eastern 

western 

transverse  Mercator  projection 
transverse  Mercator  prt^ction 

Maryland 

Lambert  conformal  pro^ction 

Massachusetts 
mainland 
istarKi 

Lambert  conformai  projection 
Lamt>ert  conformal  projection 

Michigan 
eastern 
central 
western 

transverse  Mercator  pro^ction 
transverse  A^catpr  pro/ectton 
tr^sverse  Mercator  pro^tJon 

Minnesota 

l^^T  f,l  Tie*  tl 

central 
southern 

Lambert  conformal  prc^ction 
t  Amhpft  confof ftiAl  omiftf!tt<in 

Mississtppi 
ea^em 
western 

transverse  Mercator  projection 
transverse  Mercator  projection 

Missouri 
eastern 
central 
western 

transverse  Mercator  projection 
trans^rse  Mercator  projection 
transverse  Mercator  projection 

Montana 
northern 
central 
southern 

Lamtsert  conformal  proiection 
Lambert  conformai  projection 
Lambert  conformal  projection 

ft^braska 
northern 

Lambert  confnr mal  projrrtinn 
Lambert  conformal  projection 

Nevada 
eastern 
central 
we^ern 

transverse  Mercator  projection 
transverse  Mercator  projection 
transverw:  Mercator  projection 

New  HampshH^e 

transverse  Mefc^tof  projection 

Hew  Jersey 

transverse  Mercator  projection 

54:; 
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Mappmg  Grid  System 


cBstern 
centrat 
western 

New  York 
Long  IsJflnci 

western 


transverse  Mcrcator  projection 
trensverse  Mcrcator  pro;cct$cn 
transverse  Mercator  projection 


"T  


Nortti  Carolina 

North  Dakota 
northern 
soiitticrn 


Lambert  cpnformal  projection 
tr ansve?^  Me^cator  pro;ectton 
transveri^c  Mcrcator  projection 
tf  ansverse  Mcrcator  projec.tiori 


Ohio 
northern 
southern 


Oklahoma 
northern 
southern 


Oregon 
northern 
southern 

Penn;»yfvan<a 
northern 
southern 


Rhode  Hland 

South  Carolina 
fK>rfhcrn 
southern 

South  Dakota 
northern 
mouther 


iamt>crt  conformal  projection 


lamberl  conformal  projectton 
lamt>crt  conformal  projection 


Lambert  conformal  projection 
Lambert  conformal  projection 


Lambert  conformal  projection 
Lambert  conformai  projectjon 


Lambert  conforma!  projection 
Lamt>ert  conformai  projection 


iamt>CTt  conformal  projection 
tsmbCft  conformal  projection 

transverse  Mcrcator  projection 


Lamt>ert  confc^maJ  projection 
lamt>ert  conformal  projection 


Lamt>ert  conformal  projection 
Lambert  conformcjt  projection 


State  and  Z^m 


ms^p^n$  Grid  System 


Tennessee 


Lamt>ert  conformat  proiectjon 


 I 


Te)cas  j 

northern  i 

north-centra?  { 

centra?  j 
504ith<entra! 

southern  j 

Utah 
norther- n 
centra* 
souther  n 


Vermont 

Vtrgmta 
northern 
southern 

Washington 
northern 
■southern 

West  Virginia 
northern 
southern 

Wisconsin 
northern 
central 
southern 


+■  - 


lambCft  conforma!  pfojixttofi 
Lamb^irf  conformal  proiecttor» 
lamtMjrt  conformal  projechon 
iamt^rt  conformal  projection 
Lamt>ert  conformaf  projection 


LamtH'rt  conformal  projecttor! 
Lambert  conformal  F^ojection 
lambert  conformal  projection 

transverse  Mcrcator  projection 


Lamt>ert  con^prmal  projection 
Lambert  conformat  projection 


l6mt>ert  contorma}  projectron 
Lambert  conformal  projection 


Ldmt>ert  conformal  projection 
Lambert  conformaJ  projection 


Lambert  conformal  projection 
Lambert  conformal  projection 
Lamt>ert  confer inaJ  projection 


Wyoming 
^ones  *J  4 


transverse  Mcu  afor  projcclion 
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ASSIGMSyiENT  SHEET  #1  —  CALCULATE  THE  AZIMUTH  OF  A  LINE 


(Survey  Data) 


,i  Hover,  Latitude  42°45'  N.  Longitude  73'56' W 
30  Jiiiv  1983.  Temp.  60''R  Pressure  28-7  in  Hg. 


Point  Sighted 

Watcti  Time 
iPM.) 

Vert.  Angle 

Horizon  Angle 
(Clockwise) 

Sun  (direct) 

3"  33  ''-  10'- 

49''44' 

214*^8' 

Sun  [dneci] 

3'-  34'-  2Q^ 

49^32' 

214*»28' 

Sun  (plunged) 

49'*52' 

215*19' 

Sun  (plunged^ 

3"  36  -'  49-- 

49 "40' 

215*^7' 

Ridtje 

OWOO" 

Mean  - 

3'^  34'--  59^ 

49*'42.0' 

214»53.0' 

Solution: 


Mean  vertical  angle 
ir^de^x  corroction  = 
Correction  for  refraction 

and  parallax  - 
itaken  iron)  pp.  65  and  66 

K&E  Ephemeras) 


49*^42,0' 
00.0' 

^  00.6' 


1      Find  truo  altitude: 


Mean  watch  time  {EST) 
Coffection      G.C.T  to  noon 
Correction  for  E.DT.  - 


Find  Greenwich  Cm\  time  of  obsorvalion: 


Dec!inati;>n  G.CT.  31  July  t9f  ^  N  18'*27,8' 
(py.  59,  K&E  Ephomvris) 

Correction  for  4.42^'  earlier  (0.61  x  4.42^)  =  -f  027' 


:i     Find  declination  at  the  time  of  observation 
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Equation:  Cos.  Z  i= 


 sin  of  decHnation  at  time  of  observation 

COS.  latitude  of  Pt.  (Rover)  x  cos  of  True  attitude 


tan  of  the  latitude  of  Pt.  (Rover)  x  tan  of  the  true  altitude 


4.     Find  Z  (where  Z  is  the  horizontal  angle  measured  from  the  sun's  position  to  the  point  of 
the  line  whose  azimuth  is  desired)  using  the  above  equation. 


Since  the  observation  was  made  in  the  afternoon,  angle  Z  is  counterclockwise  from 
north,  and  the  minus  sign  indicates  an  angle  greater  than  90";  thus,  the  sun's  azimuth 
at  the  time  of  observation  is:  360*00'00"  -  114*'55.4'  =  245*>04.6' 


Azimuth  of  the  sun  - 


245*^)4.6' 


Horizontal 


ridge  to  sun  = 


214'»53.0' 


5. 


Find  the  azimuth  of  line  Rover  ~  Ridge  = 
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ANSWERS  TO  ASSIGNMENT  SHEET  #1 

49  •■^41 

nv  34-  59^  -  19  58" 

■..k^S  Z  =  ~0.4213«7  Of  114»55.4' 
30°i1.6* 
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JOB  SHEET  #1  —  DETERMINE  DIRECTION  OF  A  LINE 
BY  POLAR  OBSERVATION 


Toots  and  materials 


1. 

Transit  or  theodolite 

2. 

""-ipod 

3. 

Level  rod 

4. 

Field  book  and  pencil 

5. 

Flashlight  and  batteries 

Procedure 


1.  Prepare  note  forms  in  advance. 

2.  Check  to  see  that  equipment  is  working  properly  and  that  a  good  supply  of  flash- 
light batteries  and  spares  are  available. 

3.  Predetermine  the  necessary  correction  to  the  latitude  to  give  the  altitude  of 
Polaris. 

4.  After  carefully  setting  u  oreclsely  leveling  the  instrument  (STA 100),  approxi- 
mately determine  the  d.        -j  of  north  and  establish  a  target. 

(NOTE:  Figures  in  parentheses  correspond  to  sample  field  notes  in  Figure  2.) 

5.  With  the  horizontal  scales  zeroed,  sight  at  the  reference  statior^  (STA  422). 

6.  Sight  an  object  at>out  250  m  {000  ft)  away  and  focus  carefully  This  is  the  Instru- 
ment's infinite  focus  which  must  be  set  when  sighting  the  star.  Some  surveyors 
mark  this  point  on  the  focus  ring  so  that  the  Infinite  focus  can  be  reestablished 
after  dark  when  there  may  be  no  suitable  long-range  sight  available. 

{NOTE:  Proper  identification  of  the  Infinite  focus  position  on  the  focusing  ring  Is 
emphasized  tiecause  if  the  telescope  is  only  slightly  off  focus,  the  star  will  not 
even  appear  in  the  telescopic  field  of  view  and  much  time  will  be  wasted.) 

7.  If  the  telescope  has  been  properly  directed  towarxJ  north,  and  If  the  correct  alti- 
tude has  been  set  on  the  vertical  circle,  and  if  the  focus  adjustment  has  been 
properly  set  (infinite  focus),  Polaris  should  appear  In  the  telescope  at  least  15 
minutes  prior  to  nightfall.  It  may  be  necessary  to  move  the  telescope  through 
slight  horizontal  and  vertical  arcs  to  find  the  star. 
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8.  At  the  instant  the  star  has  t>een  carefully  centered  on  the  cross  hairs,  record  the 
time  in  the  field  notes.  (Figure  2) 

9,  Transit  (plunge)  the  telescope  and  with  the  upper  motion  free  (lower  motion  still 
clamped),  reslght  the  star.  Record  the  second  time.  (Figure  2) 

10.  Sight  the  telescope  back  on  the  original  reference  station  (4221  and  note  the 
angle.  (It  should  t>e  180»CX)'.) 

11.  Repeat  this  pfr>cedure  U  higher  accuracies  are  required. 

12.  Use  the  average  time  for  the  bearing  calculation  for  Polaris,  and  use  the  average 
angle  to  determme  the  bearing  of  the  line  (100-422).  Record.  (Figure  2) 

(NOTE:  When  Polaris  is  to  be  observed  during  darkriess,  Polaris  can  be  located 
by  using  the  two  Big  Dipper  (Ursa  Major)  stars  as  pointers.  See  Figure  1.) 


FIGURE  1 


Pointers 
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NAME 


TEST 


Match  the  li^rn^.s  on  tht-?  ricjht  with  tho  coff  M^I  definiliofis. 

 a.       The  horizonlal  angft?  between  the  direction 

taken  by  a  compass  neodie  and  cieographic: 
north 

..   b       A  data  collection  device  or  a  reflecting  sta-^ 

tion  that  is  placed  in  a  specific  orbit  around 
the  earth 


.c.  Surveying  areas  of  the  eurth  which  arc  so 
lorae  that  their  curvature  must  be  allowed 
for  if5  cak  iiations 

The  nunriber  of  complete  oscillations  of  an 
electromagnetic  wave 

^e  Involves  the  solution  of  triangles  by  uf^incj 
only  measured  side  lengths  rather  than 
measuring  angles 

f ,  A  shape  which  is  derived  by  niathematically 
revolving  an  ellipse  about  the  earth's  polar 
axis 

The  measurable  amount  soiriething  has  for 
an  actual  shape  versus  its  true  shape 

h.  A  network  of  relatively  permanent  poir^ts 
that  have  been  established  with  a  higher 
level  of  accuracy  and  are  used  to  reference 
various  smaller  surveys  performed 

.1.  A  surveying  technique  that  involves:  1)pre' 
cisely  measuring  a  baseline  as  a  starting 
side  of  a  series  of  triangles,  2)  determining 
each  angle  of  the  triangle  using  a  precise 
theodolite,  3)  measuring  a  subsequent  side 
of  one  of  the  triangles  as  a  check  for  all  ca^ 
culated  distances  performed 


1,  Control  fabric 

2.  Datum 

3,  Distortion 

4.  Frequency 

5  Geodetic  surveying 

6,  Magnetic  declination 

7.  Satellite 

8,  Spheroid 

9.  Tfiangulation 
10.  Trilaleration 


Any  level  surface  to  which  elevations  are 
re*orr<.'d  i^or  exarnf^ie.  mean  ^ea  leveO 
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TEST 


List  two  )tivi)h  provujiHi  t'v  rr-tabii^^hed  horu-ofita!  and  vertical  reference  monuments, 

  ....     .   _   

b.  „  .    ...  _   

Dist  nguish  between  the  lypot*.  ot  cxmtro!  surveys  by  placing  an  "H"  tor  honzontal  con> 
tfoi  3nd  a  **V'  for  vertica!  controi  next  to  their  characteristics. 

.-.  ^a.       f-mki  procedures  mciude  barometric  leveling,  trigononictric  leveling,  dif- 

ferenttu*  leveling,  und  inertia!  and  satellite  de^    er  systems 

 t).       Used  to  establish  geodetic  latitudes  and  longUudes  of  stations 

 -  Field  procedures  include  tnangulalion.  precise  traversing,  triiateration. 

inrrtial  and  satellite  doppief  systen^s,  and  astronomical  observations 

d.      Used  to  establish  i:levations  for  a  network  of  monuments  called  bench 
mnrks 

Distingutsh  between  the  types  of  reference  datums  by  placing  an  "H"  for  horizontal 
datums  arnl  a  'V*  ior  vertical  daternn  next  to  their  characteristicfv. 

a        Atv.  teased  on  iiu.'an  f.na  h^ve! 

tv       A  cufreru  a(i)uf;tment  ^s  bemy  perforn^ed  and  should  bt)  completed  in  1988 

,c       Ur.r  an  in^tui!  pomt  Meatief^  Ffenrh  »n  Kansas,  havmg  known  geodetic  lati* 
tuUe  and  lorujilude 

.<5       Use  a  si'rhfrroid  ol  kru3v;n  dimensions  reJerred  tc*  as  the  Ciarke  Spheroid  of 
1B66 


yyiruA*  i^.i;'<j  n^yft:  tt.an  b2t>.0(K/  Hn^  ui  ddditional  rajntro!  !eyeli?K}  have  been 

run 


TEST 


Complete  the  foilowif^p  t^tatom^nt^  conconiifKi  thn  FGCC  acr urarv  standards  usod  in 
contra!  surveys  1^,  correctiy  tiliinp  m  \he  blanks. 

a.       Federal  qeodetic  control  cominitlee  (F  GCC)  has  pri^p.ui^U  si  v^tsl  ot  .^etviiSed  classi^ 
fications.  standcudr*  of  acfMjracy,  and  ^p^i..ifK'.atK>nv... 

1)  To  provide  a  iiniU?rm  se!  of  Htandardb  i>pt-^^^V5ng  nMniniuni  acceptable 
accuracies  of  _    .  and 

2)  To  establish  specif fcotions  for  ..  _    ,  field  procedures,  and 

miscfosure  checks  to  ensure  that  the  mternJed  o^(?er  of  acxoracy  is 
achieved. 

b       The  highest  order  of  accuracy  t^peoified  by  {he  FGCC  is     order. 

c.       Horizontal  conlro!  accuracy  standvirds 

I  i         Relative  Accuracy  Required  Between 

i      Order  and  Class      ;  Directly  Connected  Adjacent  Points 

)    Ftrst  order  i  1  part  in  

i  ] 
j    Second  order  ! 

Class  I  :  1  pjrt  f-.O.OOO 

Class  n  ;  1  p.ut  ?OX)OD 

i 

\    Third  order  ; 

I       Clons  1  '  1  r.-.rt  ^  ^  I 


a. 


VCfJiVal  i.:ofiIrr:l  ,'n.vUK*:.>  ^M.snd.^rJ:^ 


Order  and  Class 


\  Class  I 
'       Class  )l 


Secoful  ordi  r 

Class  U 
Third  order 


Relative  Accuracy  ^Standard 
Eiror)  Required  Between  Directly 
Connected  Bench  !\^arks 


-  b  ''*  u  n  X   .  K 


where  K  is  the  dir^ar^Cf^  oetwofn  b^•^}^h  mn?  ej  m  kM(^rriOle?ri. 


TEST 


Select  true  stafenuHil^  co?iceffitnq  glolMl  ixn^il^vnmg  systems  by  pinang  an  "X'  in  the 
appropriate  t^lanks. 

..^^ — a.      The  U.S.  Navy  Navic|atiort  Sateiiilo  System  encircling  the  globe  is  catied 
the  transit  systerri. 

 b.      Three  transit  sateililes  arc  in  polar  orbit  at  an  altitudo  of  1200  kn), 

 The  U.S.  Navy  Navigation  Satellite  System  was  originaliy  designed  for 

positioning  applications  by  civii  authoritu''S 

 d.      The  "Navstar  System  is  comprised  of  18  satellites  and  should  be  in  full 

operation  by  1987. 

^  e.       Satellite  dopplcr  systen^s  tiuvo  receivers  located  on  the  ground  to  n^ea- 

sure  the  frequencies  of  radio  sinnafs  trans?nitted  from  satellites  operating 
in  a  polar  orbit. 

 ^_f.       Satellites  circle  the  eartt)  every  55  niinute.s  sendir^g  out  a  steady  transmit 

ting  frequency. 

 g.      Doppier  systems  are  preisentl:/  bomci  uMHi  lo  augment  and  strengthen  the 

nationai  geodetic  network. 

Distinguish  between  the  techniques  used  in  rruihniq  rioppipr  observations  hy  placing  a 
"P"  for  point  po$:tioning,  a  "T"  tor  tfantUoc^itJon.  and  an  "S"  tor  stior!-arc  next  to  their 
descriptions. 

•  —  a-       Receivers  at  two  or  n»ore  stations  s^n>ii!tar)eous!y  track  the  satellite  The 

position  of  one  rccehvr  musi  bo  knc>wn 

 -b.      A  receiver  at  an  unknown  pc^s^t  cn  collects  data  from  a  satellite  making 

several  passes. 

 c.       Fundamentally  the  same  as  transiocatton.  except  corrections  are  made 

for  the  sateihte^G  orbital  parameters. 

Complete  the  following  statements  concernmg  inertia!  surveying  systems  by  correctly 
fitlinn  in  the  blanks. 

a.      Have  revolutionf/ed  current    surveying  practice- 

D.      Are  carried  in    or  land  vehicles. 

c.      Are  oriented  by  a  computer  controlled  process  called   .  Gyros 

sense  the  earth\s  rotation  and  oiient  thunisuivti?  fi^cing  north-south  and  east- 
west, 

^    -^-^  {thtov  are  requireci)  measure  components  of  movement  in  the 

cardinal  directions  and  trt  f?u:vatK^nf';  as  they  are  moved  from  point  to  poin;. 


TEST 


C-      An  advantage  of  an  inertia!  sv^ton*  is  , 


f,       A  disadvantage  of  an  iriertiai  svsknu  is 


Compete  the  foliowing  statements  concerning  state  piane  coordinates  by  circiing  the 
correct  words, 

a.  Were  established  in  (1963, 1933)  b>  the  U.S.  Coast  and  Geodetic  Survey 

b.  Use  a/an  (rectangular,  oval)  grid  designed  to  fit  the  curved  shape  of  the  earth  to  a 
plane  surface  with  as  little  distortion  as  poissible. 

c.  (All,  Most)  states  have  established  by  law  a  state  plane  coordinate  system  in 
either  the  Lambert  projection  or  the  transverse  Mercatcr  projection  with  one  or 
more  zones. 

d.  Lambert  and  Mercator  grid  systems  each  seiect  (several,  one)  true  merjdian(s). 

a  All  (east-west,  north-south)  lines  of  the  grids  are  drawn  parallel  to  the  central 
meridian. 

f.  The  Lambert  projection  was  limited  to  ^38,  158)  miies  (approx  )  to  minimize  dis- 
tortion. 

g.  The  (Lambert,  Mercator)  projection  gnd  assigns  an  *'X"  value  to  the  centrai  merid^ 
ian  (Y  axis)  of  500,0(X)  ft  and  a  Y  value  to  the  X  axis  of  "O*  M 

h.  Coordinates  are  based  on  (the  central  meridian,  sea  h^eh 

I       Scale  error  varies  from  zero  up  to  about  one  part  in  (10,f>00,  1,0 JO). 

Complete  the  following  statements  concerning  ceiestial  observ*  Mov^r  r^y  correctly  fill- 
ing in  the  blanks, 

a.      Polaris,  commonly  called  the  Nor^' 

1)  Has  been  used  for  centuf  cs  :jy  ^  .    . 

2)  Is  used  by  surveyors  to  establish  astrononnc  Uirections  on  survey 


3)     Is  useful  because  its  apparent  path  of  rotation  k<  ops  the  r^tars  very  close 
to  the  extension  of  the  earth's  polar  axis  through  the    
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Observations  of  the  sun 


1)     Are  usually  more  convenient  than  those  of  other  stars  because  the  sun 
nan  be  observed  during   

2>    Due  to  the  and  at  which  the  sun  appears 

to  move,  directions  that  are  based  on  solar  observations  are  generally 
less  precise  than  those  taken  on  the  stars, 

c.  Time 

1)  One  day  is  a  complete  revolution  of  the  earth  on  its .   . 

2)  One  solar  day  is  360"  plus  the  partial  revolution  of  .  . 


3)  The  earth  makes  366.2422  revolutions  on  its  axis  while  completing  the 
annual  ^, 

4)  In  „ —  hours  the  earth  revolves  360''  of  longitude  and  In  1 

hour  the  earth  revolves  through  15**  of  longitude. 

(NOTE:  If  the  following  activities  have  not  been  accomplished  prior  to  the  test,  ask  your 
instructor  when  they  should  be  completed.) 

12.  C."  .^.ulate  the  azimuth  of  a  line.  (Assignment  Sheet  #1) 

1 3.  Demonstrate  the  ability  to  determine  direction  of  a  line  by  polar  obsetvation  (Job  Sheet 
#1) 
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ANSWERS  TO  TEST 


1     a.  6  e.  10  i.  9 

b.  7  f.  8  j.  2 

c.  5  Q.  3 

d.  4  h.  1 

2.  To  establish  precise  horizontal  and  vertica!  positions  of  reference  mc^numents, 

3.  Any  two  of  the  following: 

a.  Basis  for  originating  subordinate  surveys 

b.  Method  of  orienting  topographic  or  hydrographic  mapping 

c.  Basis  for  determining  property  boundary  delineation 

d.  Control  for  route  and  construction  planning,  design,  and  layout 

4.  a.  V 

b.  H 

c.  H 

d.  V 

5.  a.  V 

b.  V 

c.  H 

d.  H 

e.  V 

6     a.        1)     Ck)ntrol  surveys 
2)  Instruments 

b.  First 

c.  First  order  —  1  part  in  1{X),0{X> 

Third  order  (Class  I)  ~  l^rt  10.000 

d.  Third  order  —  2^  mm  v  K 

7.  a,d,e,g 

8.  a. 

b.  P 

c.  S 

9-     a.  Contrc. 

b.  Helicopters 

c.  (iyrocompassing 

d.  Acceleration 

e.  Any  one  of  the  following; 

1)  Equ.^ment  is  refined  and  accuracies  are  improving. 

2)  Do  not  require  direct  angle  or  distance  measurements. 

3)  Clear  lines  of  sight  are  not  necessary. 

4)  Can  operate  day  or  night,  rain  or  shine. 
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f.       Any  one  of  the  foHowing: 

1)  Initial  costs  are  high. 

2)  Serviceability  can  be  difficult. 

3)  Operational  costs  are  high, 

4)  High  technological  training  is  necessary. 

5)  Will  not  presently  mneX  high  accuracy  requirements  for  first  order  work. 


a. 

1933 

D. 

Rectangular 

Ail 

d. 

One 

e. 

North-south 

f. 

158 

9. 

Mercator 

h. 

Sea  1 

evel 

i. 

10,000 

a. 

1) 

Navigation 

2) 

Control  lines 

3) 

North  Pole 

b. 

1) 

Normal  wcrking  hours 

2) 

Size,  spefid 

c. 

1) 

Axis 

2) 

Angle  K 

3} 

Solar  orbit 

4) 

24 

12.  Evaluated  to  the  satisfaction  of  the  instructor 

13.  Performance  skills  evaluated  to  the  satisfaction  of  the  instructor 


ELECTRO-OPTICAL  INSTRUMENTS 
AND  COMPUTER  INTEGRATION 

UNIT  XIII 


UNIT  OBJECTIVE 


After  completion  of  this  unit,  the  student  should  be  able  to  dgscrlbe  the  major  classifications 
of  E.O.M.  Instruments,  discuss  the  principles  of  E.D.M.  measurements,  list  various  types  of 
hardware  and  software  that  are  available  for  engineering  design  systems,  and  make  accurate 
ED.M.  measurements.  Competencies  will  be  demonstrated  by  correctly  performing  the  proce- 
dure outlined  In  the  iob  sheet  and  by  scoring  ^  percent  on  the  unit  test. 


SPECIFIC  OBJECTIVES 


After  completion  of  thia  unit,  the  student  should  be  able  to: 

1.  Match  terms  related  to  electro-optical  instruments  and  computer  integration  with 
the  correct  definitions. 

2.  Complete  statements  concerning  eariy  electronic  surveying  instruments. 

3.  Distinguish  between  the  major  classifications  of  ED.M.  instnjments. 

4.  Complete  statements  concerning  the  principles  of  E.D.M.  measurement. 

5.  List  environmental  conditions  that  affect  E.D.M.  wavelengths. 
8.     Complete  statements  concerning  the  types  of  E.O.M.S. 

7.  Complete  statements  concerning  the  use  of  laser  energy  for  leveling  and  align- 
ment. 

8.  Complete  statements  concerning  d§.ta  collection. 

9.  List  types  of  computer  hardware  that  make  up  a  complete  system. 

10.  List  various  types  of  software  piograms  that  are  available  for  engineering  design 
systems. 

11.  Demonstrate  the  ability  to  make  E.D.M.  nr^asurements.  (Job  Sheet  #1) 
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ELECTRO-OPTICAL  INSTRUMENTS 
AND  COMPUTER  INTEGRATION 
UNIT  Xlll 


SUGGESTED  ACTIVITIES 

Obtain  additional  materials  and/or  invite  resource  people  to  class  to  supplemcnt/roin' 
force  information  provided  in  ttiis  unit  of  instruction. 

<NOTE:  This  activity  should  t3e  completed  prior  to  the  teaching  of  this  unit.) 

Make  transparencies  horn  the  transparency  masters  included  with  this  unit. 

Provide  students  with  objective  sheet. 

Discuss  unit  and  specific  objectives. 

Provide  students  with  information  sheet. 

Discuss  information  sheet. 

(NOTE:  Use  the  transparencies  to  enhance  the  information  as  needed.) 
Provide  students  with  job  sheet. 

Discuss  and  demonstrate  the  procedure  outlined  in  the  job  sheet. 
Integrate  the  following  activities  throughout  the  teaching  of  this  unit: 

1 .  Have  the  students  research  various  types  of  E.D.M.  manufacturers  listing  pros  and 
cons  for  each. 

2.  Arrange  for  a  field  representative  to  demonstrate  modern  E.D.M.  equipment  and 
its  usage. 

3.  Have  the  students  familiarize  themselves  with  their  own  hand-held  calculators  by 
reviewing  their  manuals  and  all  its  functions. 

4.  Visit  a  local  firm  that  Is  currently  using  a  computer  design  system,  preferably  with 
electronic  surveying  instruments  and  data  collection. 

5.  Have  the  students  obtain  manufacturers'  information  on  modern  electro-optical 
instruments  and  computers  from  local  distributors. 

6.  Meet  Individually  with  students  to  evaluate  their  progress  through  this  unit  of 
instruction,  and  indicate  to  them  possible  areas  for  improvement. 

Give  test. 

Evaluate  test. 

Reteach  if  necessary. 
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INSTRUCTIONAL  MATERIALS  INCLUDED  IN  THIS  UNIT 

A.  Objective  sheet 

B.  Information  sheet 

C.  Transparency  masters 

1.     TM  1  —  Electromagnetic  Spectrum 

2-     TM  2  —  Computer  Hardware  —  Office  Computer  Setup 

3.     TM  3     Computer  Hardware  —  Peripheral  Output  Devices 

D.  Job  Sheet  #1  --  Make  E.D.M.  Measurements 

E.  Test 

F.  Answers  to  test 

REFERENCES  USED  IN  WRITING  THIS  UNIT 

A.  Kavanagh,  Barry  R.  and  S.  J.  Glenn  Bird.  Surveying:  Principles  and  Appiications. 
Reston,  Virginia:  Reston  Publishing  Co.,  Inc..  1984. 

B.  Brinker.  Russell  and  P.R.  Wolf.  Elementary  Surveyina  7th  ed.  New  York:  Harper  &  Row 
1984. 

SUGGESTED  SUPPLEMENTAL  MATERIALS 

A.  Davis,  R.E.,  F.S.  Foote,  and  J.H.  Kelly.  Surveying.  5th  ed.  New  York:  McGraw-HHI,  197e. 

B.  Kissam,  Phillip,  Surveying  for  Civil  Engineers.  New  York:  McGraw-Hill.  1976. 

C      Anderson,  James  and  Edward  Mikhail.  Introduction  to  Sun/eying.  New  York:  McGraw- 
Hill. 
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EI.ECTBO-OPTi<:aI  li^nlSTBUIViENTS 
AND  COfVIJ^^ilTFR  iNTEGRATlOW 


Terms  nnd  ile^mtf 

A,      h.  VA\    ^L!o'.::s^'      .'r. :  .  •  '  \.- ;:.<  r\t-.)i'  M,.;»nH?u?ni^.       Function  by 

a  Ms":!  ^v..:^  i:  ..ro.'.^  i  '/Air,  to  b;;  'nc'£u^u?iBd  either  by 

n^i^r^j.iii^),}               :■.:■■>  ■  :             V):^  <^-slanco  Of  by  measuring  the 

D.      Uiffiii^n?     A  ;      '  ''^5^.-.:>;  tM^'- vj^  't-io  spectrum  ol  iighi  due  to 

C  ■    *^  :  ^  vr.  "-adiiitiOfMO  the  uttravio- 

D       hV^:ri:■Aii^p     A  .1-  ,         '  ^'-.-t:*  'r.^unoi^r  wavc  that  ta'H!s  between  1  centl- 

t-.       lranb^:>n;i^?  -    :  hv>  ../.^  ^-^i       .>  :v:t,..v  E.bM  .aiit  that  produces  the  j^ig- 

F       Fro'.iuor'.^.v    ■  '^Vfi-  -  ■  '  ..j  in;^^'*:^^  .xcr^.^n^^^^^ns  per  Second  of  an  elec- 

v^^'ln;.  ii.      ]  i-.  ;  V  .-.-.^     : '  •(      v.:      ..i  t;^\,!ft»     hyht  wWl  travc!  a  deter- 

ff-iOll',  'f^'^v'  .'.'i'^;  i-/      'f'v'        ^      {.-■■^{jr^Mn^od  L>y  the  f!dlness  of  the  sur 
i  affy  6li5Clronic  5Ufwy>nq  t»"fblr';:;uenlr 

1,  £:  ariiv.'%l  tv:>'.  ;  r*:;  -t  /»,  iS.  a  q*  i 'tjirtif^lr  r,  was  introduced  in  1948  by 
•-J  r^f*  .  r,  -1  ^M  ^r  .  al!eMij tc^  improve  intMhods  of  measuring  the 
b       iransf?Ptt<'ii  vt?^:l>ie  u^ih\  ana  '/ouki  measure  distances  up  to  25 


628 


INFORMATION  SHEET 


2.    Second  type  of  ED.M.  called  the  teilurometer  was  introduced  in  1957 
by  Dr.  T.L  Wadley. 

a.      Transmitted  invisible  microwaves. 


b.      Was  capable  of  measurement  up  to  50  miles  or  more  day  or 
night. 

3.    Advantages  and  disadvantages  of  early  ED.M.s 

a.  Advantages 

1)  V\tere  noted  for  their  high  precision 

2)  Had  excellent  long-range  capabilities 

b.  Disadvantages 

1)    Quite  bulky 
^    Very  cumbersome  to  use 
B.      Digital  theodolites 

1.     First  Introducmi  In  the  late  1960^ 


2.  Set  the  stage  for  electronic  data  collection 

3.  The  fundamental  difference  t>etween  an  electronic  theodolite  and  a 
standard  thecKlollte  is 

a.      Electronic  instruments  can  resolve  angles  without  Interpola- 
tion. 


b.  Electronic  Instruments  are  displayed  in  digital  form  using 
(LED^)  light-emitting  diodes  or  (LCD^)  liquid-crystal  diodes 
rather  than  <  ^^t^cal-mechanlca!  methods, 

(NOTE  LCD^  require  less  power  but  require  Illumination  for 
making  night  readings.) 

ill.     Classifications  of  ED.M.  Instnimants 

A.  Electro-optical  instruments  —  Transmit  modulated  laser  or  Infrared  light 
having  wavelengths  within  or  slightly  beyond  the  visible  region  of  the  spec- 
trum. (Transparency  1) 

B.  Microwave  equipment  —  Transmit  microwaves  with  frequencies  In  the 
range  of  3  to  35  GHz  corresponding  to  wavelengths  of  atwut  1.0  to  8.6  mm. 

C.  Classification  by  operational  range 

1.  Short  range  equipment  —  Are  classified  as  having  measuring  capa- 
bilities of  up  to  o  km.  Normally  are  conslderKi  to  be  electro-optical 
equipment. 
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2.  Medium  range  equipment  —  Have  measurement  capabilities  of  up  to 
100  Km.  Some  may  be  eiectfo-optica!  but  most  are  microwav  ?  type. 

3.  long  range  equipment  —  Are  instruments  used  to  measure  dis- 
tances over  1(K)  km.  M  ^st  operate  on  long  radio  waves  but  some 
employ  microwaves. 

Principles  of  ELD.M.  measurement 

A.      t.D.M.s  measure  distances  by  comparing  a  line  of  unknown  length  to  the 
known  wavelength  of  modulated  electromagnetic  energy 

1.  Electromagnets':  energy  propogates  through  the  atmosphere  In 
accordance  with  th3  following  equation:  V  =  fx 

Where;   V  —  is  the  velocity  of  electromagnetic  energy 
f  —  is  the  modulated  frequency  in  hertz 
X  —  is  the  wavelength  in  meters 

2,  Electromagnetic  energy  travels  along  an  x  axis  with  a  velocity  of 
299,792.5  km/scc  in  vacuum.  The  frequency  of  wave  is  the  time  taken 
to  complete  one  wavelength.  (Figure  1) 

FIGURE  1 


Direction  of 
Travel 


Lightwave 
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B,  Aclua!  measurements  are  ini\Qv  bv  ^endiiii^  out  a  uiodulatcui  ukHMromacj 
nettc  wavelength  and  being  roflecfod  \Uq\)\  wavet>j  or  retransniitted  unicfo- 
waves)  back  io  the  E  D  M.  iFiyure  2) 

FIGURE  2 


1.  Double  distance  (21^  is  tu^u.  'l  to  a  wholc^  nunibor  of  wavelengths  <nA) 
plus  the  pcitrtial  w^^ivolengt/;      <;cci^^f^r)g  at  the  E.D.IVl. 

2.  The  partial  wavelength  {o)  is  detefnuncK!  hi  the  instrument  by  noting 
the  phase  delay  required  to  precisely  match  up  the  transmitted  and 
reflected  or  retransmitted  waves. 

V,     Environmental  conditions  that  affect  ED  M.  i^^avelengths 

A.  Temperature 

B.  Pressure 

C.  Water  vapor  content 

D.  Atmospheric  dust 

(NOTE:  The  refractive  index  for  Rtandarrf  ah  condition??  iO^C.  ?60mrn  Hg,,  and  0.03 
CO,)  for  the  group  velocity  of  light  nbvc^  is  given  by  the  Barrel  and  Sears  formula: 

N.-.  ^  1  4  (287.604  ^  ^  ^^-^  ,  0  068)  10- 

Where:    A  is  the  wavelength  of  the  carrier  lightvvave  bt*ing  ijsed  in  micronv 
eters  (/i) 
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Som*  typical  values  for  A  arv  cjiven: 


I  Garner  !  X  [^i  m) 

!        Merrury  vapor  i  0,5500 

InCiUule^cont  |  0.5660 

Red  laser  j  0,6328 

Infrarad  0.8600  to  0.9300 


{NOTE:  Normally  an  atmospheric  correction  graph  is  used  to  determine  the 
parts  per  milfion  (p.p  m  ]  uf  correotini)  to  adjust  the  instrument.  See  Figure 

3.) 

F5GURE  3 

r-'  ^ 

ATMOSPHERIC  CORRECTION 


:4^'    V  k  ^     ^     ^  ^ 


SOKkiSHA 
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VI.     Types  of  E.D.M.s 

A       E.D.M.s  are  designed  for  tribrach  mount,  ifi.sirurnrnt  mount,  or  buUt  into  the 
theodolite  (Figure  4) 

FiGURE  4 


Tribrach  Mount  Instrument  Mount  Total  StatSon 


B.      Essentially,  there  are  two  types  of  E.D.M.s 

1.  Measures  slope  distance  only  —  If  the  instrument  is  mounted  on  a 
theodolite,  a  vertical  angle  can  bo  recorded  and  a  horizontal  distance 
computed  externally. 

2,  Measures  and/or  calculates  all  type's  of  distances  ar  d  angles  — 
known  as  the  total  station 

a.  Can  measure  horizontai  dintance.  vortica.  distance,  and  slope 
distance. 

b.  Can  measure  horizontal  and  vortical  angles 

c.  Can  also  measure  information  such  as  staiion  coordinates. 
Stake  out  distances  can  he  quickly  calculate(J  internally. 

d.  Data  can  be  temporarily  stored  and  tnen  electronically  trans- 
ferred to  an  interface  computer  at  the  office. 
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Use  of  laser  energy     leveling  and  alignment 

A.  Laser  devices  were  fii-sl  generated  around  1^. 

B.  The  beam  from  a  laser  Is  intense,  more  sharpiy  defined  than  ordinary  light, 
and  can  be  maintained  over  long  distances. 

(CAUTION:  Great  care  must  be  used  when  working  with  lasers  because  the 
light  at  close  range  can  destroy  human  tissue  through  burning,  especially 
eyesO 

C.  A  laser  can  be  attached  to  a  level  and  the  spot  it  creates  can  then  be  used 
for  determining  the  rod  reading.  (Figure  5) 

FIGURE  5 


Ljiser  on  a  Leva) 


D.  Laser  alignment  and  leveling  devices  are  now  used  in  most  forms  of  con- 
struction work. 

Examples:   Sewer  pipe  installation,  site  grading  applications,  trenching 
methods 

E.  Lasers  are  normatty  used  In  two  modes. 

1.  Fixed-direction  and  slope  mode 

2.  Revolving-horizontal  pattern  mode 


DfJiii  college t ion 


n.       !).it.i  octif;-'!:(    ^..jv'.;    :■  \    :  .. t;^ r^uitor  and  plot- 

ter in  ^-'^  '  ;  -^-'vr^  ^■  n  v:on^putC!r  If^r- 
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Type^s  of  computer  hard\>vafe 

A.      (.''5>ft.>/  t.(Hv;pii?Kr  \M''\up  iTranspafoncy  2) 

1      Pf       -ttu  ;init  irrfTitnaf  lincludu^q  single  of  dual  disc  drives  for  soft- 
a.ht  pfuurc^rns  and  storage) 

[\.      P<*?ipht^fai  output  devicos  r  ^ansparency  3) 
5      Lino  pfmtcj 

3.      i'iAi  bi'rd  pWAivr 
A      Drum  p!{.-:ter 
Types  of  software  prorjrarns 

A       BuMnesf.  opf  rations 

2 .      \^  u  !  n  e  ?• .  ^'  f  i  <  ^  a  n  n  i  n  9 

r  StfiJCtura*^  cnyinuerini) 

2.  Safvtfiry  and  r>torm  coiiection 

:r  Ear th.vo^k  and  qiMntitics 

4  Hvdfoioqy  and  drainage  engineering 

6.  CounjiTiute  geometry  (traversing,  triangulation,  resect jor>,  etc.) 

.'N07t  Cojrpatibility  r:*  software  to  the  present  computer  system 
bufnq  used  js  of  utmost  importance  when  purchasing  software  pro- 

cjramr. ) 


•  •  # 

Electromagnetic  Spectrum 


Frequency  —  kHz 

10^^     10^9    10^8    ,0^7     -iQie     -,015   10^4     io13    io^2    ^qII  ^qIO 


10^     10^     10^     10^      10^     102     10^  10*^ 
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Wavelength  —  Meters 


10^ 


10^  103 


kHz  =  10^  Hertz 
MHz=  10®  Hertz 
Hz   =  1  cycle  per  '^econd 


Normal  Range  for  Modulation  Frequencies 
for  Infrared  and  Laser  Instruments  (I.e.  7.5  to 
75  MHz) 
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Computer  Hardware 

Office  Computer  Setup 


Monitor 
(CRT  display) 


Terminal  and 
Keyboard 


Graphics  Tablet 
and  Menu  Board 


Computer  Hardware 

Peripheral  Output  Devices 


Flat  Bed  Plotter 
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JOB  SHEET  #1  —  MAKE  E.D.M.  MEASUREMENTS 


Toois  and  materials 


1.  E.D.M.  equipment  (tripod-instrument,  prisms  or  reflector,  etc.) 

2.  Field  book  or  data  collector 


Procedure 


1.  Set  up 

a.  For  tribrach-mounted  EDMs  —  After  the  tribrach  has  been  set  over  the 
point  (by  means  of  optical  plummet)  and  leveled,  insert  EDM  into  the  tri- 
brach (forced  centering). 

b  For  telescope  or  theodolite  yoke-mounted  EDMs  —  Attach  EDM  to  the  the- 
odolite after  the  theodolite  has  been  set  over  the  point  and  leveled. 

c.  Set  up  the  prism  either  by  inserting  it  into  an  already  set  up  tribrach 
(forced  centering),  or  by  using  a  prism  pole. 

d.  lurn  EDM  on,  and  make  a  quick  check  to  ensure  that  the  EDM  is  in  work- 
ing condition  (battery,  display,  etc.) 

(CAUTION:  Do  not  look  directly  In'.o  the  EDM  signal  light  at  close  range. 
Although  the  light  sent  out  of  the  instrument  is  out  of  the  visible  spectrum, 
it  can  cause  damage  to  the  eyes.) 

2.  Aim 


a.  Aim  the  EDM  at  the  prism  by  utilizing  either  built-in  sighting  devices  on  the 
EDM  or  the  theodolite  telescope. 

(NOTE:  Telescope  or  yoke-mounted  EDMs  will  have  the  optical  line  of  sight 
a  bit  lower  thnn  the  electn^nlc  signal;  however,  If  the  theodolite  telescope 
is  clamped  wt  .en  positioned  on  the  prism,  the  electronic  fine  adjusting  can 
be  easily  accomplished  using  either  the  theodolite  tangent  screws  or  the 
EDM  tangent  screws.  Vertical  movement  on  yoke-mounted  EDMs  must  be 
accomplished  using  the  EDM  vertical  fine  adjustment  screw.) 

b.  Set  the  electronic  signal  precisely  on  the  prif  m  by  adjusting  vertical  and 
horizontal  fine  adjustment  screws  until  a  maximum  intensity  return  signal 
Is  displayed  on  a  signal  scale.  Some  EDMs  also  have  an  audible  prism 
locator  whose  variable-tone  indicator  helps  to  properly  align  the  electronic 
signal  to  the  prism.  Some  EDMs  have  a  signal  attentuator  that  must  be 
used  to  adjust  the  strength  of  the  signal  to  the  distance  t^ing  measured 
and  the  atmospheric  conditions  encountered. 

(NOTE:  Newer  EDMs  have  automntic  attenuation.) 
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Measure  the  distance 

a  Press  the  "measure"  button  and  wait  a  ^  seconds  for  the  result  to 
appear  In  the  display.  The  displays  are  either  liquid  crystal  (LCD)  or  light- 
omlttlng  diodes  (LED),  The  measurement  Is  shown  to  two  decimals  of  a 
foot,  or  three  decimals  of  a  meter,  a  foot/meter  switch  Is  used  to  switch 
from  one  system  to  the  other. 

b.  Some  EDMs  have  a  tracking  mode  that  continuously  updates  and  displays 
the  distances  as  the  prism  Is  moved  closer  to  Its  final  layout  position.  Usu- 
ali>^  the  tracking  mode  display  is  shown  to  one  decimal  less  than  the  nor- 
mal measurement  display  The  more  precise  measurement  im>de  can  be 
used  when  the  tracked  prism  Is  very  close  to  its  final  layout  position. 

a  All  microwave  EDMs  provide  two-way  communicatton  on  the  measuring 
wave  itself;  some  electro-optical  EDMs  (e.g.  Geodimetei)  provide  one-way 
communication  from  the  EDM;  obviously,  voice  communications  ayre  a 
great  help  when  long  distances  are  being  measured  or  when  points  are 
being  laid  out.  Twro-way  field  radios  are  also  used  for  these  purposes.  Fig- 
ure 1  shows  a  remote  EDM  display  device  that  is  particularly  useful  In  lay- 
out surveys  and  In  high-noise  data  gathering  sun/eys. 

FIGURE  1 
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d.  Some  EDM  Instruments  have  the  internal  capability  of  providing  corvee- 
tions  to  measured  distances,  whereas  other  EDMs  (older  versions  usually) 
require  manual  corrections  to  the  displayed  meapurement.  Modern  EDMs 
automatically  correct  for  curvatum  and  refraction  (c  &  i)  and  Instrument/ 
prism  constants,  and  can  Internally  correct  for  atmospheric  factors  when 
temperature  and  pressure  aw  ent«red.  Instnjmenl/prism  constants  other 
than  that  for  which  the  EDM  has  been  calibrated  can  be  p  tiered,  and  verti- 
cal angles  can  be  entered  to  reduce  the  slope  distance  *c  its  horizontal 
equivalent.  Sea  level  and  scale  factors  can  be  similarly  treated. 

Record 

a.  Record  the  displayed  data  conventionally  In  field  notes  or  manually  enter 
In  an  el^tronlc  data  collector. 

b.  Total  station  Instruments  have  the  capability  of  automatically  recoiiling  all 
the  data  collected  by  the  electronic  tacheometer. 

c.  For  older  EDMs,  in  addition  to  the  displayed  distance,  all  other  conmitlon- 
related  data  (e.g..  temperature,  p  sm  constants)  must  be  booked  fcr  each 
measurement. 
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NAMl 


TEST 


Match  the  terms  on  the  right  with  the  correct  ritjfmiticns 

 _a.      A  device  that  generates  clectrornagnntlc  i   EDM  ifu^Uumciitr. 

radiation  in  the  ultraviolet,  visible,  or  infra- 
red regions  of  the  spectrum  2  F  anuioricy 

—      b.      The  number  of  complete  oscillations  ptM       d  infrared 
second  of  an  electromagnetic  wave 

•1  Lafun 

 c.      The  sending  unit  or  actual  E.D.M.  unit  that 

produces  the  signal  or  beam  used  to  deter-      5,  Microwave 
mine  the  measurement  of  a  distance 

—  d.       Function  by  sending  a  light  wave  or  rT"m:ro 

wave  along  a  path  to  be  measured  either  by      7,  fransni*ti*" 
measuring  the  time  involved  in  travorsmn 
the  distance  or  by  measuring  the  wave-       B  Vt  k^;:itv 
lengths  being  sent 

 e.      A  very  short  electromagnetic  wave  that  falls 

between  1  centimeter  and  100  centimetcrr, 
in  wave  length 

 f.       The  speed  or  time  in  which  a  tieain  of  Sight 

will  travel  a  determined  distance 

 ,..g.      A  light  beam  that  is  outside  the  visible  spec- 
trum of  light  due  to  its  long  wave  length 

 h.      Specially-shaped  surfaces  used  to  reflect 

transmitted  signals  back  to  the  sending  unit 

Complete  the  following  statements  concerning  early  electronic  Kurvr-vmn  instrument 
by  circling  the  correct  words. 

a.  The  earliest  type  of  E.D.f^.  is  referred  to  as  a  (geodlmeter,  teHurometer) 

b.  The  tellurometer  transmitted  (visible  light,  Invisible  microwaves). 

c.  The  early  E,D.M.s  were  noted  for  their  high  (precfsion.  inaccuracies.). 

d.  (Standard,  Electronic)  theodolites  are  displayed  in  digital  forrtr 
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TEST 


S     Disl<miui»oh  between  tho  mnjor  cfassifications  of  E  D  M.  instruments  by  placing  an  "X*' 
next  to  the  \3esofiption  of  ok*ctrcvoplica!  fnsirumenls. 

;i       Trant,rnit  rnicrowavn;  with  fmqut^ncies  in  the  range  of  3  to  35  GHz  corres- 
pondinc^  t^*  wavelengths  of  about  1.0  to  8.6  mm. 

h       Tfantsfnit  mockiiated  laner  or  intrare<i  tight  having  wavelengths  within  or 
s!i<ihtly  beyofid  the  visible  region  of  the  spectrum. 

4-     Contpiete  the  foHowincj  statements  conrcining  the  principles  of  E,D.M.  measurement 
by  cifchny  the  correct  words. 

/I.      E  D.M.s  measure  distano  ^s  by  companng  a  line  of  unknown  length  to  the  >  ^^^ov^n 
wavelength  of  modulaiw^rt  (radiant,  electiomagni***-;)  energy. 

t}.       This  energy  propogates  through  the  atmosphere  in  accordance  with  the  follow- 
ing equatfon:  (V  ^  fx,  V  -  f ) 

X 

Where:    V     is  the  velocity 

f  -  is  the  tnr>aulcited  frequency  in  hertz 
A  -  is  the  wavelength  in  meters 

5      List  two  environmrntal  conditions  that  affect  E^D.M.  wavelengths. 

a.       ^  ^.  ,  ^  

ty      ...  ^   


Complete  the^  following  statements  concerning  the  types  of  E«D  M.s  t)y  correctly  filling 
*n  if.o  t^lanks. 

fc.D  M  s  vire  designed  for  tribrach  rTiount   ^  ^ .  mount,  or  built  into  the 

thec^doiite 

h.  Onrt  basic  tyj:ie  of  t.D  M  fneasure^^  slope  distances  only,  and  the  other  basic  type 
c4  E-D.M.  measures  and/or  calculates  all  lype;>  of  distances  and  angles.  This  sec- 
ond type  is  known  as  a  ,^  

Select  the  following  true  statements  concerning  the  use  o?  laser  energy  for  ieveHng  and 
atignmrnt  \}y  placing  an  "X'*  next  to  the  t  ue  statements. 

 a       Laser  devices  were  first  generated  around  1935. 

 t\      Ttte  beam  from  a  laser  is  Intense  and  more  sharply  defined  than  ordinary 

light,  but  \t  can  only  be  maintained  over  short  distances. 

A  laser  can  be  attached  to  a  level  and  the  spot  It  creates  can  then  be  used 
for  determining  the  rod  readirg, 

 ^d.       Laser  alignnjcnt  ar^d  leveling  devices  are  now  used  in  most  forms  of  con- 

stajction  work. 


V       I  # 
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Complote  the  following  st<'!emenls  concerdsng  data  coHeclion  by  correcliy  filling  in  the 
blanks. 

a.  Data  collection  comprises  an  electronic  .   _    .  bocK 

b.  Stores  field  data  Into  a  compact  (hand-heid)  unit  that  in  turn  is  inte-raced  to 

c.  Modern  data  collectors  can  reduce  values  calculated  and  can  accurately  store 
several  types  of  information.  List  three  types  below. 

1)  ^  .  ^   

2)  ,  

3)   -  „  „  

d.  Data  collection  recordings  can  be  transported  directly  to  a  printer  and  plotter  in 
the  office  o«  can  be  transmitted  by  ..  lines  to  a  computer  terminal. 

e.  Information  can  be  stored  in  a  iiand-held  collector  by  means  of   


Information  can  be  transmitted  to  the  computer  by  means  of 


List  computer  hardware  components  of  the  office  computer  setup  and  peripheral  out- 
put devices  that  maKe  up  a  complete  system. 

a.  Office  computer  setup 

1)   -  ^  

b.  Peripheral  output  devices 

1)   ^  „_  

2)  .  .  

List  types  of  software  programs  for  business  operations  am.::  engineering  operations 
that  are  available  for  engineering  design  systems. 


a.      Business  operations 


TEST 


b.       f-'ngiruHMifH;  I'pvJ. 

1)  „   

?)   

3^     „     .  

{NOTE:  It  the  followtng  activitv  h-.^  n,  t  tv/rri  accompikshtHj  prior  to  trie  t<?st.  ask  your  Instruc- 
tor when  it  should  be  ronipk-ttni , 

11.     Demonstrate  the  :\bM\      -iaVo  £  D  M  'm<  asmrments.  (Job  Sheet  #1) 


ELECTRO-OPTICAL  INSTRUMENTS  AND 
COMPUTER  INTEGRATION 
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ANSWERS  TO  TEST 


a. 
b. 
c. 


d. 


4 

2 
7 
1 


e. 
f. 

9- 

h. 


5 
8 
3 
6 


a. 
b. 
c. 
d. 


Geodimeter 
Invisible  microwaves 
Precision 
Electronic 


b 


a.  Electromagnetic 

b.  V  =  f  A 

Any  two  of  the  following: 

a.  Temperature 

b.  Pressure 

c.  W-ater  vapor  content 

d.  Atmospheric  dust 

a.  Instrument 

b.  Total  station 

c.  d 

a.  Field 

b.  An  in-office  computer 

c.  Any  three  of  the  following: 

1)  Actual  time  of  survey 

2)  Project  or  job  numbers 

3)  'emperature,  barometric  pressure 

4)  dacksights  and  foresights 

5)  Coordinates 

6)  Ground  elevatlcns 

d.  Telephone 

e.  Either  one  of  the  following: 

1)  Storage  registers  within  the  unit 

2)  Magnetic  tapes  (cassettes) 

f.  Any  one  of  the  following: 

1)  Manual  input  {keying  in  data) 

2)  Direct  input  (Interface  cord) 

3)  Transmitting  through  telephone  lines 


ANSWERS  TO  TEST 


a.  Any  two  of  the  following: 

1)  Processing  unit  terminal  (including  single  or  dual  disk  drives) 

2)  Keyboard 

3)  Monitor  (screen) 

4)  Menu  board 

b.  Any  two  of  the  foHowIng: 

1)  Line  printer 

2)  Laser  printer 

3)  Flat  bed  plotter 

4)  Drum  plotter 

a.      Any  two  of  th*^  following: 

1)  Word  processing 

2)  Business  financing 

3)  Business  management 
b-      Any  three  of  the  following: 

1)  Structural  engineering 

2)  Sanitary  and  storm  collection 

3)  Eartb^^ork  and  quantities 

4)  Hydrology  and  drainage  engineering 

5)  Land  surveying 

6)  CJoordinate  geometry  (traversing,  triangulation,  resection,  etc.) 
Performance  skfHs  evaluated  to  the  satisfaction  of  the  instructon 


